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I. INTRODUCTION 

Many c u r r e n t  medical problems could b e n e f i t  from t h e  a p p l i c a t i o n  

of engineer ing  p r i n c i p l e s  and p r a c t i c e s .  

h inder  t h e  advancement of medicine and t h e  d e l i v e r y  of  h e a l t h  care can 

be overcome by modern technology and have been i d e n t i f i e d  dur ing  t h e  

s tudy  r epor t ed  here .  

Some of t h e  o b s t a c l e s  t h a t  now 

This b r i e f ,  l i m i t e d  survey a t tempts  an  overview of t h e  i n t e r d i s -  

c i p l i n a r y  r e sea rch  of engineers ,  l i f e  sc ien t i s t s ,  and phys ic ians .  Much 

of t h e  information presented  comes d i r e c t l y  from conversa t ions  w i t h  

t h e s e  r e sea rche r s  and r e f l e c t s  what they b e l i e v e  t o  be t h e  problems of 

medicine which engineers  can a i d  i n  so lv ing .  

I n  t h e  process  of organiziqg t h i s  s tudy ,  some coherent  framework 

had t o  be developed i n t o  which t h e  ind iv idua l  problems could be f i t t e d  

t o  g ive  a b e t t e r  o v e r a l l  p i c t u r e  of engineer ing o p p o r t u n i t i e s  i n  medicine. 

To do t h i s ,  e i g h t  t o p i c s  were s e l e c t e d  t o  r ep resen t  bo th  t h e  classes 

of problems i d e n t i f i e d  and t h e  c a t e g o r i e s  of o p p o r t u n i t i e s  f o r  

engineer ing  : 

1. 

2 .  Automation of c l i n i c a l  l a b o r a t o r i e s  

3. C l i n i c a l  ins t rumenta t ion  

4 .  Hospi ta l  information systems 

5. Medical telecommunication 

6. Monitoring p a t i e n t s  under i n t e n s i v e  care 

7. Mult iphasic  sc reening  

8. P r o s t h e t i c s ,  sensory a i d s ,  and r e h a b i l i t a t i o n  

A r t i f i c i a l  organs and assistive devices  

C l e a r l y  even a compilat ion of a comprehensive l i s t  of t h e  problems 

f o r  engineer ing  wi th in  each of t hese  e i g h t  c a t e g o r i e s  would be a tremen- 

dous t a sk .  It was t h e r e f o r e  decided t h a t  t h e  approach most u s e f u l  t o  

t h e  sponsor of t h i s  s tudy ,  t h e  NASA Of f i ce  of Technology U t i l i z a t i o n ,  
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would be (1) a d e s c r i p t i o n  of t h e  o v e r a l l  s i g n i f i c a n c e  of each ca tegory  

t o  t h e  n a t i o n ' s  h e a l t h  care c a p a b i l i t y ,  (2) t h e  i d e n t i f i c a t i o n ,  w i th in  

each ca t egory ,  of major subc la s ses  of problems t h a t  show a need f o r  

engineer ing ,  and (3)  a few s e l e c t e d  examples taken from t h e  f i e l d  of 

c u r r e n t  biomedical engineer ing  r e s e a r c h  showing t y p i c a l  approaches t o  

the  s o l u t i o n  of these  problems. 

The bulk of t h i s  r e p o r t ,  then,  is  devoted t b  p re sen t ing  t h e  f ind-  

i n g s  of t h e  s tudy  i n  the format j u s t  descr ibed .  

t hose  r e s e a r c h e r s  who con t r ibu ted  information on t h e i r  e f f o r t s  t o  apply 

engineer ing  methods t o  t h e  problems of medicine. For t h e  r eade r  who is  

unfami l i a r  with the  program pursued by t h e  NASA Of f i ce  of Technology 

U t i l i z a t i o n ,  Appendix If w i l l  provide background information.  

Appendix It i d e n t i f i e s  

The au tho r  thanks t h e  many r e s e a r c h e r s  who generously volunteered  

t h e i r  t i m e  t o  make t h i s  r e p o r t  poss ib l e .  

s o l e l y  those  of t h e  au thor  and not  of t h e  c o n t r i b u t o r s  o r  of t h e  Nat iona l  

Aeronaut ics  and Space Adminis t ra t ion ,  

The opin ions  ekpressed are 
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11. PROBLEMS I N  MEDICINE AND BIOLOGY 

A. ARTIFICIAL ORGANS AND ASSISTIVE DEVICES 

Rapid progress  i n  s u r g i c a l  technology i s  producing ex tens ive  

o p p o r t u n i t i e s  f o r  r ep lac ing  damaged t i s s u e s  and organs wi th  man-made 

s u b s t i t u t e s  and a t  t h e  same t i m e  demanding i n c r e a s i n g l y  b e t t e r  assistive 

devices  both dur ing  and fol lowing surgery .  Progress  i s  being made along 

many l i n e s  of r e sea rch  as a result of t h e  i n t e r p l a y  of t h e  d i v e r s e  d i s -  

c i p l i n e s  of medicine and engineer ing.  

The Nat iona l  I n s t i t u t e s  of Heal th  Medical Devices Appl ica t ions  * 
Program i s  a n  example of t h e  type  of o rgan iza t ion  necessary  t o  a t t a c k  

an i n t e r d i s c i p l i n a r y  problem involv ing  b i o l o g i s t s ,  chemists ,  materials 

s p e c i a l i s t s ,  phys i c i ans ,  engineers ,  and t echn ic i ans .  The problems and 

t h e  approach of t h i s  program are d iscussed  i n  t h i s  s ec t ion .  Also d i s -  

cussed i s  one major problem common t o  the  a r t i f i c i a l  organ and assistive 

device  area: 

blood and t i s s u e .  

t h e  incompa t ib i l i t y  of man-made s u b s t i t u t e s  wi th  t h e  body's 

Looking f i r s t  a t  t h e  Medical Devices Appl ica t ions  Program, w e  can 

g e t  some i n d i c a t i o n  of i t s  relevancy t o  t h e  h e a l t h  of t h e  n a t i o n ' s  

c i t i z e n s  by cons ider ing  the  fol lowing f a c t s .  

Coronary h e a r t  d i s e a s e  accounts  f o r  h a l f  a m i l l i o n  card iovascular  

dea ths  a year  i n  t h e  U.S. Heart d i s e a s e  ranks  f i r s t  o f  a l l  causes  of 

dea th  i n  t h i s  country.  

almost 1 5  m i l l i o n  Americans have h e a r t  d i s e a s e ,  while  1 3  m i l l i o n  more 

are suspected of having i t .  

have, o r  are suspected t o  have, h e a r t  d i sease .  O f  t h e s e ,  perhaps 2 

m i l l i o n  are s e r i o u s l y  handicapped by t h e i r  d i sease .  

A r e c e n t  Nat ional  Health Survey i n d i c a t e s  t h a t  

Thus approximately 25% of American a d u l t s  

1 

* 
Formerly t h e  A r t i f i c i a l  Heart Program. 
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Drug and s u r g i c a l  t h e r a p i e s  o f f e r  promise of on ly  l i m i t e d  help.  

It appears  t h a t  among the  major c o n t r i b u t i n g  causes  of t h e  d i s e a s e  are 
man's d i e t  and h i s  l a c k  of r e g u l a r  phys i ca l  a c t i v i t y .  Prevent ive  mea- 

s u r e s  t h e r e f o r e  may be more promising as  a remedy. 

In  t h e  f u t u r e ,  e f f o r t s  t o  i d e n t i f y  prevent ive  measures t o  reduce 

t h e  d e l e t e r i o u s  e f f e c t s  of t h e  d i s e a s e  may succeed i n  e l imina t ing  it as 

t h e  number one k i l l e r  of man. 

need t o  develop those  devices  which can assist man t o  su rv ive  i n  s p i t e  

of t h e  d i s e a s e  e f f e c t s .  

In t h e  meantime, t h e r e  w i l l  remain a g r e a t  

To seek s o l u t i o n s  t o  t h e  technologica l  problems a s s o c i a t e d  wi th  

developing card iovascular  assist and replacement dev ices ,  t h e  Medical 

Devices Appl ica t ions  Program of  t h e  Nat ional  Heart I n s t i t u t e  of N I H  is 

us ing  t h e  modern systems management techniques  developed by the aero- 

space indus t ry .  

va lue  as sp in -o f f s  from t h e  space program than  a l l  t h e  ins t rumenta t ion  

It has  o f t e n  been s a i d  that t h e s e  methods are of g r e a t e r  

2 and hardware. 

decided t o  use the  systems approach r a t h e r  than t h e  more convent ional  

step-by-step approach t o  so lv ing  medical problems. The reasons  he has  
3 given are: 

It i s  worth cons ider ing  why t h e  d i r e c t o r  of t h e  program 

0 To permit  technology t o  be r a p i d l y  t r a n s l a t e d  i n t o  workable 

and p r a c t i c a l  dev ices ,  whi le  a l lowing  f o r  r e sea rch  t o  pro- 

ceed s imultaneously i n  o t h e r  c r i t i ca l  areas 

0 To t a k e  i n t o  cons ide ra t ion  t h e  information gaps t h a t  need 

t o  be c losed  and p l an  f o r  t h e  r e sea rch  t o  c l o s e  them i n  
o rde r  t o  achieve  t h e  major goa l s  of t h e  program 

0 To i n s u r e  t h a t  t h e  in te rdependencies  of t h e  subsystems and 

subprograms are accounted f o r ,  and t o  relate them t o  t h e  

o v e r a l l  system t o  i n s u r e  t h a t  i t  w i l l  perform as requ i r ed  

0 To provide  f o r  a cont inuous involvement, as opposed t o  a 
fragmented one, of a l l  members of t h e  team involved i n  t h e  

4 



cont inuous matching of s p e c i f i c  e f f o r t s  t o  t h e  immediate 

o b j e c t i v e s ,  as w e l l  as t h e  completion of t h e  major o b j e c t i v e s  

of t he  o v e r a l l  program 

e To provide t h e  necessary  emphasis t o  c u t  a c r o s s  t h e  

t r a d i t i o n a l  f u n c t i o n a l  l i n e s  of each of t h e  areas of 

r e sea rch ,  development, and product ion t o  e s t a b l i s h  

e f f e c t i v e ,  coherent ,  i n t e r d i s c i p l i n a r y  teams composed of 

b i o l o g i s t s  and phys ica l  s c i e n t i s t s ;  medical equipment 

deve lopers ,  testers, eva lua to r s ;  c l i n i c i a n s ;  and o t h e r s  i n  

t h e  medical care community 

The major problems of t h e  Medical Devices Appl ica t ions  Program 

c u r r e n t l y  being i n v e s t i g a t e d  inc lude :  

0 Development of materials, f o r  use i n  c i r c u l a t o r y  assist and 

replacement devices ,  t h a t  are blood compatible and t h a t  

minimize adverse  b lood- t i ssue / fore ign  s u r f a c e  i n t e r f a c e  

r e a c t i o n s  

0 Analysis  of t he  phys ica l  and chemical e f f e c t s  of materials 

on blood 

0 Development of a b a s i c  theory  and suppor t ing  d a t a  p e r t a i n i n g  

t o  blood f low through and ad jacen t  t o  such sites as pros- 

t h e t i c  valves, p o i n t s  of connect ion,  and pumping si tes i n  

o rde r  t o  d e f i n e  t h e  design l i m i t a t i o n s  f o r  devices  i n  

con tac t  with flowing blood 

0 Development of p r a c t i c a l  c o n t r o l  systems of  c i r c u l a t o r y  

assist devices  

e Development of a blood oxygenator which s o l v e s  t h e  p re sen t  

problem of long-term dena tu ra t ion  of p r o t e i n s  and l ipopro-  

t e i n s  and d e s t r u c t i o n  of cellular and n o n c e l l u l a r  elements 

and which a l s o  overcomes t h e  l i m i t a t i o n s  of poor gas  t r ans -  

p o r t ,  poor hemodynamics, high c o s t ,  and d i f f i c u l t  assembly 

5 



0 Development of a wide range of p e r i p h e r a l  e l e c t r o n i c  i n s t r u -  

mentation a p p l i c a b l e  t o  a r t i f i c i a l  h e a r t  development and use 

e Development and t e s t i n g  of a long-term percutaneous e l e c t r o d e  

o r  condui t  system t h a t  can t r ansmi t  e lectr ical  o r  f l u i d  

energy i n t o  t h e  t h o r a c i c  c a v i t y  f o r  energ iz ing  and c o n t r o l l i n g  

c i r c u l a t o r y  assist devices  

0 I n v e s t i g a t i o n  of a t o t a l l y  implantable  energy supply and 

conversion system using e i t h e r  a b i o l o g i c a l  f u e l  c e l l  t h a t  

would ope ra t e  on chemical s p e c i e s  normally found w i t h i n  t h e  

body, o r  a long-term energy s t o r a g e  device  

A major problem t o  be solved i n  t h e  program i s  t h e  u n s a t i s f a c t o r y  

i n t e r f a c e  of a r t i f i c i a l  organs and assistive devices  wi th  t h e  blood o r  

t i s s u e s .  

some degree wi th  t h e  body t i s s u e  and blood. This  i ncompa t ib i l i t y  causes  

i r r i t a t i o n ,  r e j e c t i o n ,  f i b r o s i s ,  o r  thrombosis which p r o h i b i t s  t h e  long- 

t e r m  use of  t h e  devices .  U n t i l  t h i s  problem i s  so lved ,  progress  toward 

a v a r i e t y  of objectives--an implantable  a r t i f i c i a l  h e a r t ,  a long-duration 

hear t - lung machine, an economical a r t i f i c i a l  kidney, t o  name a few--will 

be impeded. 

A l l  materials now used i n  these  dev ices  are incompatible  t o  

One of t h e  many s t u d i e s  aimed a t  explor ing  t h i s  problem is  t h a t  of 

t h e  Cornel1 Aeronaut ica l  Laboratory,  Buffalo,  New York, and Johns Hopkins 

Hosp i t a l ,  Baltimore,  Maryland, which are i n v e s t i g a t i n g  s u r f a c e  p r o p e r t i e s  

of candida te  b iomate r i a l s  . Sta t ed  simply , t h e  ques t ion  addressed i s  t h i s  : 

What s u r f a c e  p r o p e r t i e s  are r equ i r ed  f o r  candida te  biomedical materials t o  

be as nonthrombogenic as poss ib l e?  O r ,  rephrased i n  terms of how technology 

can assist i n  t h i s  i n v e s t i g a t i o n :  What measurements of s u r f a c e  composition, 

s t r u c t u r e ,  and func t ion  can be made t o  expand our  knowledge of i n t e r f a c e  

processes  a t  t h e  molecular and cellular level;  and how may t h e s e  pro- 

cesses be cha rac t e r i zed  t o  a l low p h y s i c i s t s ,  chemists ,  and m e t a l l u r g i s t s  

t o  des ign ,  eva lua te ,  and f a b r i c a t e  materials t h a t  i nco rpora t e  d e s i r e d  

f e a t u r e  s ? 
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Cornel1 Aeronaut ical  Laboratory uses a common method f o r  i n v e s t i g a t -  

i n g  s u r f a c e  i n t e r a c t i o n  t o  i d e n t i f y  t h e  s u r f a c e  c o n s t i t u t i o n  of any s o l i d .  

It is based on contact-angle measurements between a l i q u i d  and a s o l i d  sur -  

f a c e  (Fig. 1). A l a r g e  body of r e l i a b l e  d a t a  has  been accumulated, cor re-  

l a t i n g  contact-angle  d a t a  wi th  s u r f a c e  p r o p e r t i e s  of s o l i d s .  

of t h e  cos ines  of t h e  con tac t  angles  f o r  a v a r i e t y  of pure  l i q u i d s  ve r sus  

t h e  s u r f a c e  t ens ions  of t h e  l i q u i d s  on a sample s o l i d  s u r f a c e  (Fig. 2) pro- 

v ides  t h e  u s e f u l  parameter " c r i t i ca l  s u r f a c e  tens ion ,"  which is  conceptua l ly  

r e l a t e d  t o  t h e  f r e e  energy of t h e  material su r face .  

t ens ion  i s  a f e a t u r e  of n a t u r a l l y  thrombores is tan t  blood-vessel w a l l s .  

i s  n o t  c e r t a i n  t h a t  s y n t h e t i c  low-energy s u r f a c e s  are i n t r i n s i c a l l y  non- 

thrombogenic, bu t  i t  appears  t h a t  such a s u r f a c e  f e a t u r e  does c o r r e l a t e  

w e l l  w i th  thromboresis tance,  by some mechanism. Addi t iona l  s tudy  of t h i s  

mechanism is  needed, as w e l l  as a d d i t i o n a l  methods of  measuring and under- 

s t and ing  o t h e r  s u r f a c e  i n t e r a c t i o n s .  

A Zisman p l o t  

Low c r i t i c a l  s u r f a c e  

It 

B. AUTOMATION OF CLINICAL LABORATORIES 

The work load  i n  c l i n i c a l  l a b o r a t o r i e s  has  doubled approximately 

every f i v e  y e a r s  dur ing  t h e  p a s t  two decades and i s  expected t o  cont inue  

a t  least t h i s  growth rate i n  t h e  fo re seeab le  fu tu re .6  

and medical programs w i l l  soon overwhelm a l l  e x i s t i n g  l a b o r a t o r y  

f a c i l i t i e s .  

Expanding h e a l t h  

Ten yea r s  ago c l i n i c a l  l a b o r a t o r i e s  r o u t i n e l y  performed approximately 

1 2  d i f f e r e n t  biochemical de te rmina t ions .  Today, i nc reas ing  knowledge of 

t h e  n a t u r e  of d i s e a s e  r e q u i r e s  l a b o r a t o r i e s  t o  perform any one of 400 

d i f f e r e n t  tests on t i s s u e s ,  blood, u r i n e ,  f e c e s ,  and products  of d i sease .  

I n  t h e  f u t u r e  t h e  c l i n i c a l  l abo ra to ry  w i l l  be c a l l e d  on inc reas ing ly  

t o  assist i n  d i agnos i s  and t rea tment  i n  ways which were unknown a few 

yea r s  ago. 

popula t ion  f o r  earlier d e t e c t i o n  of d i sease  and (2) minute-by-minute 

support  of in tens ive-care  p a t i e n t s  w i l l  become poss ib l e .  To accomplish 

Procedures such as (1) mass screening  of l a r g e  groups of t h e  

7 
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t h i s ,  t h e  l a b o r a t o r y  procedures  must be brought up-to-date wi th  t h e  

la tes t  i n  ins t rumenta t ion ,  automation, and d a t a  process ing .  Without such 

modernization i t  i s  clear t h a t  ou r  present  medical system w i l l  be taxed 

beyond l i m i t  by t h e  expanding n a t i o n a l  and r eg iona l  h e a l t h  care programs. 

The engineer ing  o b j e c t i v e  i s  t o  automate t h e  e n t i r e  c l i n i c a l  

l abo ra to ry  procedure t o  t h e  f u l l e s t  e x t e n t  poss ib l e .  Where p re sen t  pro- 

cedures  cannot be automated, new means of t e s t i n g  must be i n v e s t i g a t e d  

whi le  e x i s t i n g  procedures are semiautomated t o  speed r e s u l t s  and i n c r e a s e  

re1 i a b i l i  t y  . 
Automation t o  t h e  e x t e n t  p o s s i b l e  by convent ional  methods has  been 

t r i e d  i n  one c l i n i c a l  l abo ra to ry  i n  a 500-bed h o s p i t a l .  

s t r a t e d  t h a t  automation permit ted t h r e e  t i m e s  as many tests t o  be per- 

formed , whi le  t h e  average c o s t  pe r  test decreased t e n f o l d .  Extending 

automation t o  t h e  n e a r l y  h a l f  a b i l l i o n  tests now done y e a r l y  throughout 

t he  country could have a major impact on h e a l t h  care q u a l i t y  and c o s t .  

The t r i a l  demon- 

1. Automated Leukocyte Recognition 

Some c l i n i c a l  l abo ra to ry  tests cannot a t  p re sen t  be  automated 

because they  depend on human v i s u a l  r ecogn i t ion  and i n t e r p r e t a t i o n .  

This  i s  t r u e  f o r  many commonly performed l a b o r a t o r y  tests such as 

d i f f e r e n t i a l  leukocyte  (white blood ce l l )  count .  This  r o u t i n e  blood 

test r e q u i r e s  v i s u a l  count ing of i nd iv idua l  leukocytes  by type  ( t h e r e  are 
f i v e  types) .  I n  t h e  U.S. a lone ,  t h e  count ing runs  t o  more than a m i l l i o n  

cel ls  p e r  hour ,  every hour ,  every day a t  an annual cos t  of about 

$200 m i l l i o n .  8 

The test is p r e s e n t l y  performed by smearing a blood sample on a 

g l a s s  s l i d e ,  d ry ing  and s t a i n i n g  i t ,  and examining i t  under a microscope. 

Only 100 o r  200 cells are counted from each sample, t ak ing  2 t o  5 min 

p e r  sample, a l though a s t a t i s t i c a l l y  accu ra t e  count would r e q u i r e  more 

l i k e  500-1000 cells.’ 

an important  i n d i c a t i o n  of  d i s e a s e  and t rea tment  progress .  

The count of each type  of leukocyte  (Table 1) is 
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To b e  a b l e  t o  automate t h i s  test, leukocytes  must be d i s t i n g u i s h e d ,  

o p t i c a l l y  o r  phys i ca l ly ,  from (1) nonleukocytes and (2) o t h e r  leukocytes  

by type*  

A Massachusetts I n s t i t u t e  of Technology r e sea rch  p r o j e c t  has  been 

working toward computer-assisted l o c a t i o n  and i d e n t i f i c a t i o n  of leukocytes  

by v i s u a l  information processing.  Leukocyte nucleus s i z e  and co lo r  and 

cytoplasm s i z e  and co lo r  are t h e  c h a r a c t e r i s t i c s  used f o r  s t a t i s t i ca l  pat-  

t e r n  r ecogn i t ion  by c l u s t e r  a n a l y s i s ,  parameter weighting, and dec i s ion  

metrics. The method, now shown t o  be f e a s i b l e  i n  MIT research ,  awaits 

f u r t h e r  development f o r  economical a p p l i c a t i o n  i n  t h e  c l in i ca l  l abora to ry .  

An a l t e r n a t i v e  approach may e l imina te  t h e  need f o r  d e t a i l e d  v i s u a l  

information processing:  

a l low ind iv idua l  c e l l  d i f f e r e n c e s  (e.g. ,  i n  abso rp t ion ,  s c a t t e r i n g ,  

f luorescence)  t o  be more e a s i l y  i d e n t i f i e d  by such ins t ruments  as t h e  

r a p i d  c e l l  spectrophotometer descr ibed  by Kamentsky .I0 Technological 

c o n t r i b u t i o n s  t o  t h e  development of t h i s  instrument  have been s i g n i f i c a n t .  

They inc lude  t h e  use of f l u i d i c  swi tch ing  c a p a b i l i t y  f o r  process  c o n t r o l  

as w e l l  as advanced measurement techniques.  Much of t h e  remaining problem 

l ies  i n  f ind ing  s t a i n  and ce l l -p repa ra t ion  processes  which c l e a r l y  d i s t i n -  

gu ish  the  d i f f e r e n t  classes of leukocytes .  

developing new s t a i n s  and p repa ra t ions  which 

2. Automated Bacterial Growth Measurement 

Although i t  is c u r r e n t l y  p o s s i b l e  t o  automate 70%-90% of t h e  t o t a l  

l abo ra to ry  work load  i n  c l i n i c a l  chemistry,  and 60% i n  hematology, t h e  

f i g u r e  drops t o  20% i n  microbiology." 

y e t  been devised t o  s u b s t i t u t e  f o r  t h e  s tandard methods of i s o l a t i n g  t h e  

microorganisms, growing them i n  n u t r i e n t  media, and i d e n t i f y i n g  them by 

morphology, metabolism, pa thogen ic i ty ,  and a n t i g e n i c i t y .  Y e t ,  i f  a 

Measurement techniques have not  

* 

* 
Development of equipment t o  d e t e c t  t h e  presence and number of  b a c t e r i a l  
co lon ie s  i s  now under way. The i d e n t i f i c a t i o n  and r ecogn i t ion  process ,  
however, is  n o t  y e t  f e a s i b l e  without  v i s u a l  eva lua t ion .  

12  



sys temat ic  understanding of microorganisms i s  t o  be achieved,  i t  can only  

be achieved by uniformly conducted, r epea tab le  i n v e s t i g a t i o n  on a scale 

beyond t h a t  which can be supported by p resen t  c l i n i c a l  l abo ra to ry  capac i ty .  

I n  a forthcoming Nat ional  I n s t i t u t e s  of Heal th  s tudy desc r ibed  by 

D r .  Andre Leroy of t he  Biomedical Engineering and Ins t rumenta t ion  Branch 

of t h e  Nat iona l  I n s t i t u t e s  of Health,'* an a t tempt  w i l l  be  made t o  auto- 

mate t h e  growth measurement of a p a r t i c u l a r  b a c t e r i a l  s t r a i n .  Bacteria 

which f r equen t ly  occur  i n  conjunct ion w i t h  d e n t a l  caries w i l l  systemat- 

i c a l l y  be cu l tu red  i n  t e n s  of thousands of d i f f e r e n t  n u t r i e n t  combinations 

t o  determine t h e  e f f e c t  of each on growth and v i a b i l i t y .  

To provide uniformity and speed i n  making t h e  measurement, automation 

i s  e s s e n t i a l .  

c o n t r o l s  t h e  experiment i n  a manner similar t o  real-time guidance and 

c o n t r o l  of  a spacec ra f t  o r  an a i rbo rne  v e h i c l e  may become t h e  h e a r t  of 

t h e  automated system. I n  a d d i t i o n ,  t h e  p r o j e c t  r e q u i r e s  new measurement 

techniques t o  be developed by engineers  coopera t ing  wi th  b a c t e r i o l o g i s t s  

t o  measure au tomat ica l ly  the  growth and v i a b i l i t y  of t h e  b a c t e r i a  co lon ie s .  

Light  s c a t t e r i n g ,  t u r b i d i t y ,  a c i d  product ion rate, and pH-indicating 

co lor imet ry  are measurements i n i t i a l l y  being considered.  

A dedica ted  hybrid mini-computer which processes  d a t a  and 

C.  CLINICAL I N  STRUMENTAT I O N  

C l i n i c a l  ins t rumenta t ion  is  t h e  f i e l d  t o  which t h e  engineer ing  

d i s c i p l i n e s  have made t h e i r  most v i s i b l e  con t r ibu t ions .  To t h e  layman, 

t h e  a r r a y  of modern ins t rumenta t ion  p resen t  i n  most c l i n i c s  today i s  t r u l y  

impressive.  The f a c t  i s ,  however, t h a t  many of t h e s e  ins t ruments  are 

noth ing  more than t r a n s i s t o r i z e d  ve r s ions  of medical devices  t h a t  were 

common i n  t h e  c l i n i c  decades ago. 

r eco rde r s ,  a m p l i f i e r s ,  ana log- to-d ig i ta l  conve r t e r s ,  and computers--has 

no t  a l t e r e d  t o  any g r e a t  e x t e n t  t h e  type  of information being gathered 

from t h e  p a t i e n t .  

o f f e r s  t o  medicine by way of new measurement techniques ,  computer-assisted 

a n a l y s i s  and d a t a  process ing ,  and time-saving automation, l ies  untapped 

and f r equen t ly  unrecognized. 

A hos t  of suppor t ive  equipment-- 

The p o t e n t i a l  advancement t h a t  modern technology 
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Engineers and t echn ic i ans  should no te  t h a t  a cause of t h e  l a g  i n  

the  a p p l i c a t i o n  of modern technology i n  t h e  c l i n i c  l i es  i n  t h e  n a t u r e  of 

t h e  medical market i t s e l f .  Indus t ry  i s  not  s t rong ly  motivated toward 

i n v e s t i n g  l a r g e  sums i n  medical ins t rumenta t ion  r e sea rch  and development 

because t h e  market i s  small, h ighly  s p e c i a l i z e d ,  and e n t a i l s  h i g h  r i s k s  

i n  product acceptance.  Aggravating t h i s  problem i s  t h e  f a c t  t h a t  medical 

ins t rumenta t ion  has  no d i s t r i b u t i o n  system comparable t o  t h a t  f o r  indus- 

t r i a l  ins t rumenta t ion ,  where accu ra t e  f o r e c a s t s  f o r  demand are poss ib l e .  

Also,  even when a c l e a r l y  de f ined  t e c h n i c a l  approach t o  t h e  s o l u t i o n  of 

a medical problem e x i s t s ,  r e sea rch  and development funds may n o t  be 

committed because t h e  t i m e  l a g  between f i r s t  c l i n i c a l  t r i a l  and f i n a l  

widespread medical community acceptance of a new device  may be too  g r e a t  

t o  provide an adequate r e t u r n  on t h e  d o l l a r  investment.  This  de l ay  

per iod endorsed by t h e  medical community p r imar i ly  t o  i n s u r e  t h a t  a 

device  i s  s a f e ,  r e l i a b l e ,  and e f f e c t i v e ,  f avor s  the  development of 

ins t rumenta t ion  which makes only  marginal changes i n  customary c l in i ca l  

p r a c t i c e  and consequently d e t e r s  t h e  development of ins t rumenta t ion  which 

changes r a d i c a l l y  o r  fundamentally any a spec t  of c l i n i c a l  techniques,  

Lack of s u b s t a n t i a l  t echn ica l  innovat ion i n  the  c l i n i c  i s  due t o  

cons ide ra t ions  of h o s p i t a l  economy as w e l l .  

t e chno log ica l  advances are eage r ly  sought because t h e i r  a p p l i c a t i o n  gen- 

e r a l l y  i s  followed by inc reases  i n  p r o d u c t i v i t y  per  wage e a r n e r ,  thereby  

pe rmi t t i ng  i n c r e a s e s  i n  wages t o  be borne without l o s s  of p r o f i t s  o r  com- 

pa rab le  i n c r e a s e s  i n  p r i c e s  t o  t h e  consumer. This  t rend  has  been reversed  

i n  t h e  h o s p i t a l s ;  t echnologica l  advances have increased  t h e  number of 

wage e a r n e r s  requi red  on t h e  p a y r o l l  f o r  a given level of p r o d u c t i v i t y ,  

as measured i n  p a t i e n t s  t r e a t e d .  Personnel  c o s t s  are t h e  major p a r t  of 

h o s p i t a l  expendi tures ;  t hus  t h e  r e s u l t  has  been upward-spiraling medical 

c o s t s  (Fig.  3 ) .  It i s  no wonder t h a t  technology i n  t h e  medical f i e l d  has  

been rece ived  wi th  dampened enthusiasm. 

In  U.S. i ndus t ry  and commerce, 
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In 1954, when nationwide h o s p i t a l  c o s t s  t o t a l e d  $1.5 b i l l i o n ,  gen- 

eral h o s p i t a l s  providing a c u t e  care averaged 207 employees f o r  every 100 

p a t i e n t s .  

employees pe r  100 p a t i e n t s  had r i s e n  t o  247,13 

from t h e  pub l i c  f o r  f a i l u r e  t o  keep r i s i n g  medical c o s t s  w i th in  reasonable  

bounds, t h e  h o s p i t a l  admin i s t r a to r  and medical p ro fes s iona l  w i l l  c l e a r l y  

be more d i sc r imina t ing  i n  h i s  purchase of new ins t rumenta t ion  by ask ing  

whether t h e  b e n e f i t s  t o  be gained are r e a l l y  worth t h e  t i m e  and money 

spent  e 

By 1964, when c o s t s  had r i s e n  t o  $6.0 b i l l i o n ,  t h e  number of 

Under growing c r i t i c i sm 

The problem i n  c l i n i c a l  ins t rumenta t ion ,  t h e r e f o r e ,  i s  a combination 

of c i rcumstances i n  economics, s c i ence ,  technology, and t h e  n a t u r e  of t h e  

p r a c t i c e  of medicine i t s e l f .  New measurement techniques must be found, 

but markets must be s t imula ted  and p r i o r i t i e s  wi th in  medicine must be 

reeva lua ted  i f  s i g n i f i c a n t  achievement i s  t o  be made i n  br inging  modern 

technology i n t o  t h e  c l i n i c .  

1. Heart Ins t rumenta t ion  

Heart d i s e a s e  and o t h e r  card iovascular  d i s o r d e r s  are t h e  major 

causes  of dea th  i n  t h e  U.S. (Table 2 ) .  It is  no t  s u r p r i s i n g ,  t h e r e f o r e ,  

t h a t  a major p a r t  of t h e  medical r e s e a r c h  performed i n  t h i s  country i s  

d i r e c t e d  toward d e t e c t i n g ,  understanding,  and t r e a t i n g  ca rd iovascu la r  

d i s e a s e  (Table 3) .  Advanced c l i n i c a l  ins t rumenta t ion  can a i d  t h i s  r e sea rch  

by providing new devices  and methods which are f a s t e r ,  more r e l i a b l e ,  

and more p r a c t i c a l ,  and which provide more q u a n t i t a t i v e  information than  

convent ional  techniques.  

I n  an example of t h e  type  of ongoing i n t e r d i s c i p l i n a r y  r e sea rch  i n  

this  f i e l d ,  conducted by Aerospace Corporation engineers  and Loma Linda 

(Ca l i fo rn ia )  Hospi ta l  doc tors ,14  a computer is  employed t o  a i d  i n  

measuring t h e  pumping e f f i c i e n c y  of t h e  human h e a r t .  

t akes  motion p i c t u r e s  of t h e  h e a r t  (cineangiograms) i n j e c t e d  w i t h  an  

opague dye. The p i c t u r e s  are sub jec t ed  t o  a n a l y s i s  by a n  o p t i c a l  proces- 

s i n g  instrument  (a f lying-spot  scanner )  and a computer t o  measure h e a r t  

volume, r a t e ,  and e f f i c i e n c y .  

An x-ray camera 



TABLE 2 
CAUSES OF DEATH I N  THE U.S. 

Rank - 

1 
2 

3 

4 

5 

6 

7 

8 

9 

10  

Number 
Cause of Death of Deaths 

A l l  causes  1 , 851,323 

Heart d i seases  721 , 268 

Cancer 310,983 

St roke  202 , 184 

Accidents 113,169 

Inf luenza  and pneumonia 56 , 892 

Early infancy  d i s e a s e s  48 , 314 

A r t e r i o s c l e r o s i s  37 , 564 

Diabetes  Mel l i t u s  35 , 049 

Other c i r c u l a t o r y  system d i seases  29,944 

Other bronchopulmonic d i s e a s e s  29 , 360 

Death Rate 
p e r  100,000 
Po pula  t i on 

935.7 

364.5 

157.2 

102.2 

57.2 

28.8 

24.4 

19.0 

17.7 

15 .1  

14.8 

Source: U. S. Pub l i c  Heal th  Ser ivce ,  based on 1967 d a t a .  

TABLE 3 
RESEARCH GRANTS BY SUPPORTING INSTITUTE 
OF THE NATIONAL INSTITUTES OF HEALTH 

Rank 

1 
2 

3 

4 

5 

6 

7 

8 

9 

- 

Source: U. 

% of 
To t a l  

100.0 

39.0 

16.8 

10.9 

6 . 1  

3.1 

2.6 

2.0 

1.9 

1.6 

1.6 

I n s t i t u t e  

Heart 

A r t h r i t i s  and metabol ic  d i seases  

General medical s c i ences  

Cancer 

Neurological d i s e a s e  and b l indness  

Allergy and i n f e c t i o u s  d i s e a s e s  

Child h e a l t h  and human development 

Mi l l ions  of 
Do l l a r s  

95.0 

85.5 

74.0 

71.6 

65.6 

49.0 

38.0 

Dental  r e sea rch  14.3 

Environmental h e a l t h  sc i ences  8.0 

S. Pub l i c  Heal th  Serv ice  F i s c a l  Year 1968 Funds. 



The s t i l l - u n s o l v e d  problems i n  t h e  C a l i f o r n i a  s tudy  are amenable 

t o  an engineer ing  s o l u t i o n .  These problems encompass (1) man-machine i n t e r -  

a c t i o n  between t h e  c l i n i c a l  s p e c i a l i s t  and t h e  o p t i c a l  d i s p l a y  and d a t a  

process ing  console ,  ( 2 )  computer a lgor i thms t h a t  need improving, f o r  

e s t ima t ing  h e a r t  volume, ra te ,  and e f f i c i e n c y  from t h e  o p t i c a l  d e n s i t y  

of t he  angiogram, and (3) documentation o f  measurements i n  a format t h a t  

w i l l  be  of g r e a t e s t  va lue  t o  t h e  c l i n i c a l  d i agnos t i c i an .  

Although angiography has  been used i n  c l i n i c a l  d i agnos i s  of card io-  

vascu la r  d i s o r d e r s  f o r  more than a decade, t he  eva lua t ion  process  has  

always been pa ins t ak ing ly  slow, r equ i r ing  a d o c t o r ' s  visual a n a l y s i s  of 

f i l m ,  frame by frame, i n  o rde r  t o  measure t h e  h e a r t ' s  performance. I f  

modern v i s u a l  process ing  equipment and computer methods can be appl ied  

t o  t h i s  c l i n i c a l  d i agnos i s ,  they  o f f e r  t he  promise of more r a p i d ,  accu ra t e  

measurement and w i l l  provide more o b j e c t i v e  d a t a  t o  t h e  d i agnos t i c i an .  

2. Other Cardiovascular  Instrumentat ion 

Athe rosc l e ros i s ,  t h e  l ead ing  source of card iovascular  d i s e a s e ,  

i s  cha rac t e r i zed  by t h e  depos i t i on  of f a t t y  subs tances  i n  t h e  inne r  l i n i n g  

of t h e  blood vessels. 

vessels c u t s  down t h e  blood f low and may u l t i m a t e l y  cause s t r o k e ,  h e a r t  

a t t a c k ,  o r  damage t o  o t h e r  major organs.  Ins t rumenta l  techniques are 

needed t o  determine t h e  l o c a t i o n ,  e x t e n t ,  and s e v e r i t y  of a t h e r o s c l e r o t i c  

l e s i o n s  i n  man without  sub jec t ing  him t o  pa in  o r  hazard and p re fe rab ly  

without  mechanical pene t r a t ion  of h i s  sk in .  

The r e s u l t i n g  s t e n o s i s  (narrowing) of t h e  blood 

Some c u r r e n t  r e sea rch  i n d i c a t e s  t h e  wide range of i n t e r e s t  i n  t h i s  

problem : (1) a t t empt s  t o  c o r r e l a t e  a c o u s t i c  measurements of  blood f low 

wi th  t h e  degree of s t e n o s i s  (C. F. Dewey, Jr., Massachusetts I n s t i t u t e  of 

Technology); ( 2 )  f u r t h e r  q u a n t i t a t i v e  i n v e s t i g a t i o n  of t h e  thermal 

d i l u t i o n  technique and flow p r o f i l e s  (S. Berger, Univers i ty  of C a l i f o r n i a ,  

Berkeley);  (3 )  e x p l o i t a t i o n  of t he  nuc lea r  magnetic resonance p r o p e r t i e s  

of blood flow (J. R. S inger ,  Univers i ty  of C a l i f o r n i a ,  Berkeley);  ( 4 )  

a p p l i c a t i o n  of catheter-mounted t r ansduce r s  t o  measure blood f low p r o p e r t i e s  
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(J. Goerke, San Francisco Medical Center); and ( 5 )  use of a hot-film 

anemometer probe for blood flow measurement (R. Vidal , Cornel1 Aeronautical 
Laboratory). 
pulse transmission velocity have also been suggested. 

The use of Doppler acoustics and measurement of pressure 

The major problem remaining to be solved is the lack of a practical 

noninvasive means of determining the blood flow and vessel wall charac- 
teristics accurately. 
methods that would allow early detection of the disease and facilitate 
preventive measures where such are possible. 
widespread, with all over the age of 20 affected to some degree. 
earlier indication of its progress is important to therapeutic and pre- 
ventive treatment. 

Particular priority should be given to developing 

The disease is chronic and 
An 

3. Eye Instrumentation 
Vision impairment ranks first among the physical disabilities in 

this country, as identified in a recent study for Congress performed by 
the National Academy of Engineering (Table 4 ) .  l6 

expenditures for aid to the blind exceed $100 million annually. 
Public assistance 

17 

TABLE 4 
PHYSICAL DISABILITIES 

1. Vision impairment 6. Benign neoplasm 

2. Hearing 7. Asthma, hay fever 

3. Arthritis, rheumatism 8. Bronchitis, sinusitis 

4. High blood pressure 9. Hemorrhoids 

5. Heart condition 10. Mental and nervous disorders 
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I f  b e t t e r  c l i n i c a l  ins t rumenta t ion  f o r  eye examination were avail- 

a b l e ,  i t  would a i d  i n  the  earlier d e t e c t i o n  and d i agnos i s  of  visual 

d i s e a s e  and t h e  onse t  of v i s u a l  impairment, thereby al lowing earlier 

c o r r e c t i v e  o r  t he rapeu t i c  measures. By such earlier t rea tment  w e  can 

hope t o  reduce the  inc idence  of v i s i o n  impairment. 

Some of t h e  ins t rumenta t ion  needs,  as descr ibed  by D r .  W. McEwen 

of the F ranc i s  I. Proc tor  Foundation f o r  Research i n  Ophthalmology, 

San Franc isco ,  are l i s t e d  below. 

1. I n d i r e c t  ophthalmoscope wi th  s a f e  l i g h t  level  

2. Opt ic  d i s c  co l lagen  r a p i d  i d e n t i f i c a t i o n  f o r  glaucoma screening  

3. 

4 .  Quan t i t a t ive  v i s u a l - f i e l d  t e s t i n g  

5 .  Eye muscle c o n t r o l  measurement 

Noninvasive r e t i n a l  blood p res su re  and flow measurement 

Routine,  thorough eye examination i s  hampered by the  a l lowable  

i n t e n s i t y  and du ra t ion  of l i g h t  which can be endured by the  s e n s i t i v e  

i n n e r  s u r f a c e s  of t he  eye. The type  of ophthalmoscope needed could 

p re sen t  a cont inuous image of t h e  inne r  s u r f a c e  of t h e  eye t o  a diagnos- 

t i c i a n  without  r e q u i r i n g  a h igh - in t ens i ty  beam of l i g h t  t o  b e  aimed i n t o  

t h e  eye. Optimally,  an  ambient,  room-level source of l i g h t  should be 

s u f f i c i e n t  t o  i l l u m i n a t e  t h e  r e t i n a  f o r  observa t ion .  Modern advances 

i n  t h e  f i e l d  of op t ics - - f iber  o p t i c s ,  e l e c t r o n i c  process ing ,  image 

enhancement, and i n f r a r e d  detection--may provide the  r e q u i s i t e  technology. 

By apply ing  t h e  technique of  e l e c t r o n i c  processing of images t o  

t h e  image of  t h e  e y e ' s  i nne r  s u r f a c e ,  i t  may be p o s s i b l e  t o  d e t e c t  

several c h a r a c t e r i s t i c  i n d i c a t o r s  of eye d i s e a s e  au tomat i ca l ly ,  making 

such tests a v a i l a b l e  f o r  widespread pub l i c  sc reening .  I n  a d d i t i o n ,  

modern o p t i c s  technology may provide a b e t t e r  v i s u a l  method f o r  measuring 

r e t i n a l  blood flow and pressure--of growing importance no t  only t o  t h e  

e a r l y  d e t e c t i o n  of eye d i s o r d e r s  bu t  a l s o  as  i n d i c a t o r s  of p o t e n t i a l  

s t r o k e  occurrence.  Better imagery of t h e  recessed  i n t e r n a l  s t r u c t u r e  of 
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t h e  eye (gonioscopy) may l e a d  t o  b e t t e r  understanding of t h e  phys ica l  

processes  involved i n  aqueous-flow c o n t r o l ,  a primary f a c t o r  involved 

wi th  t h e  o n s e t  and advance of glaucoma, a l ead ing  cause of b l indness .  

Better ins t rumenta t ion  f o r  q u a n t i t a t i v e  v i s u a l - f i e l d  t e s t i n g  i s  

a f i n a l  example of eye r e sea rch  needs.  

b readth ,  depth ,  and d e t a i l  of t h e  perceived f i e l d  whi le  t he  eyes  are 

f r e e  t o  roam over  an o b j e c t ,  p r i n t e d  page, f i l m ,  o r  e n t i r e  v i s u a l  

environment would add g r e a t l y  t o  our  knowledge of eye muscle c o n t r o l  

mechanics and v i s a a l  f i e l d  pe rcep t ion ,  two f e a t u r e s  which are e s p e c i a l l y  

important t o  man-machine system design.  

A continuous measure of t h e  

4 .  Ins t rumenta t ion  t o  Locate G a s t r o i n t e s t i n a l  Bleeding 

The need t o  develop ins t rumenta t ion  which could i d e n t i f y  and 

l o c a t e  g a s t r o i n t e s t i n a l  b leeding  w a s  expressed r e c e n t l y  by D r .  I. Se l ikof f  

of M t .  S i n a i  School of Medicine, New York. 18 

I f  engineers  could he lp  develop . . . a method o r  
an instrument  t o  t e l l  where g a s t r o i n t e s t i n a l  
b leeding  w a s  occu r r ing ,  o r  even when i t  stopped, 
t h e r e  wouldn't  be  a h o s p i t a l  i n  t h e  country without  
one. Tha t ' s  a real problem . . . 

G a s t r o i n t e s t i n a l  b leeding  is  a f r equen t  man i fe s t a t ion  of s e r i o u s  

i n t e s t i n a l  d i so rde r s .  It may become apparent  as blood i n  t h e  s t o o l ,  o r  

i t  may remain o c c u l t  and be  i n f e r r e d  from a cont inuing  anemia of t h e  

p a t i e n t .  

t he  s t o o l ,  t h e  source of t h e  b leeding ,  w i th in  t e n s  of f e e t  of i n t e s t i n e ,  

remains t o  be determined. The problem becomes p a r t i c u l a r l y  a c u t e  when 

t h e  rate of blood l o s s  i s  g r e a t  enough t o  r e q u i r e  con t inua l  replacement 

by whole blood t r a n s f u s i o n  and subsequent s u r g i c a l  i n t e rven t ion .  

Even i f  blood becomes apparent  and chemical ly  d e t e c t a b l e  i n  

Where and how should one look f o r  t h e  l e s i o n ?  Only occas iona l ly ,  

when t h e  o r i g i n  of the  b leeding  i s  a t  t h e  s i t e  of an u l c e r ,  can x r a y s  

be use fu l .  Better methods are badly needed. A t  p re sen t  t h e r e  i s  no 
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clear indication of the technology which would provide a solution. A 

variety of sensing techniques--chemical, radioactive, physical--might, 
for example, be coupled with electronic minaturization and telemetry to 
provide a blood-detecting "pill." 
transmit the desired signal from the body's interior as it passed through 
the digestive tract. 
solutions, none at present offering a clear indication of likely success 
but all indicative of appropriate applications for technical assistance. 

This device, when swallowed, would 

Such a scheme is just one of a number of possible 

D. HOSPITAL INFORMATION SYSTEMS 
A hospital information system consists of all those elements within 

the hospital dealing with the collection, transmission, storage, retrie- 
val, and presentation of information relied upon by the administrative 
and medical staff to provide the proper medical care to a patient and 
to manage the hospital efficiently. A well-planned, effective informa- 
tion system improves the quality of medical care by providing the 
physician with more timely, accurate, and comprehensive information on 
his patients. The system also aids hospital management by accounting 
for admissions, inventories, catering requirements, hospital services, 
and all other routine administrative functions of the hospital. 

Effective information handling is particularly important to hos- 
pital medical care because a significant part of the patient care process 

is the proper acquiring and handling of pertinent data. 
consists of patient testing, diagnosis, treatment, and evaluation 
repeated as often as necessary in an iterative, step-by-step manner, 
until the patient returns to good health. Particularly in larger 
hospitals with more than 500 patients the problems associated with 
handling patient data are considerable. 

The process 

To understand the technological problems which must be solved to 
achieve an efficient, effective hospital information system, one should 
be aware of why past successes have been limited. In industry, commerce, 
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and sc i ence  the  handl ing of information has  l e d  t o  a high degree of 

reliance on formal language, mathematics, s tatist ics,  and q u a n t i f i a b l e  

d a t a ,  which could convey information without  m i s i n t e r p r e t a t i o n .  In  t h e  

p r a c t i c e  of medicine,  however, where service has  always been cha rac t e r i zed  

by c l o s e  personal  contact--between doctor  and p a t i e n t ,  among t h e  a u x i l i a r y  

medical s t a f f ,  and between t h e  doc tor  and h i s  col leagues-- there  has  

developed a high degree of r e l i a n c e  on n a t u r a l  language as t h e  means of 

communicating f a c t s  and s u b j e c t i v e  f e e l i n g s ,  and wi th  i t  a l l  t h e  sub- 

t let ies t h a t  are inhe ren t  i n  t h e  contex t  and i n t o n a t i o n  of t h e  spoken 

language. 

mation flow i n  t h e  h o s p i t a l  by use of computers and p e r i p h e r a l  input]  

ou tput  devices  have achieved only  l i m i t e d  successes  because the  systems 

devised have f a i l e d  t o  communicate information o t h e r  than r a w  d a t a  and 

f a c t s .  

Most a t tempts  t o  speed up o r  automate t h e  process  of i n fo r -  

P a r t i a l  success  has  been achieved i n  t h e  po r t ions  of h o s p i t a l  pro- 

cedure t h a t  r e l y  t o  a lesser degree on n a t u r a l  language and t o  a g r e a t e r  

degree on f a c t u a l  d a t a :  c l i n i c a l  l a b o r a t o r i e s ,  admissions,  inventory ,  
account ,  and occas iona l ly ,  i n  admin i s t r a t ion  of medicat ion and radio-  

l o g i c a l  t rea tment .  

h o s p i t a l  information systems w i l l  come from t h e  ex tens ion  of t h e s e  

successes  i n  the  l abora to ry  and bus iness  o f f i c e  t o  areas a l s o  dea l ing  

wi th  a h igh  degree of f a c t u a l  information and d a t a ,  i n t e g r a t i n g  t h e s e  

i n t o  l a r g e r ,  more comprehensive systems. This ex tens ion  should inc lude  

automation of (1) communications concerning t h e  "doctor ' s  order";  (2)  

information processing of test r e s u l t s ,  obse rva t ion ,  and medicat ions;  

and (3) s t o r a g e  and retrieval of summary medical records.  

It appears  l i k e l y  t h a t  f u t u r e  progress  i n  automating 

The major t e c h n i c a l  improvements remaining t o  be achieved inc lude :  

e More f l e x i b l e  i n t e r a c t i o n  between t h e  computer and t h e  

p a t i e n t s ,  doc to r s ,  and a u x i l i a r y  medical personnel  

inc luding  t h e  use of computer graphics  f o r  d a t a  inpu t  

and output  
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0 Improved phys io log ica l  monitor ing t h a t  can i n t e r f a c e  

wi th  medical record  keeping c a p a b i l i t i e s  of t h e  informat ion  

system 

0 Automated c l i n i c a l  l a b o r a t o r y  equipment t h a t  can d i s p l a y  

p a t i e n t  d a t a  throughout t h e  h o s p i t a l  f o r  phys ic ian  

viewing and can a l s o  record  t h e  d a t a  au tomat i ca l ly  i n  t h e  

p a t i e n t ' s  medical h i s t o r y  

0 Improved p e r i p h e r a l  computer equipment which i s  r e l i a b l e ,  

inexpensive,  q u i e t ,  and p r a c t i c a l  f o r  t h e  non-spec ia l i s t  

t o  ope ra t e  

Improved retrieval of papers  publ ished i n  medical j o u r n a l s  

which would a l low d e s c r i p t i v e  prose  t o  guide t h e  l i t e r a t u r e  

sea rch  as w e l l  as s e l e c t e d  "key words" 

E. MEDICAL TELECOMMUNICATION 

Improving medical care i n  America i s  becoming inc reas ing ly  l i m i t e d  

by a problem of i n a b i l i t y  t o  d e l i v e r  r a t h e r  than  l a c k  of c a p a b i l i t y  t o  

perform. Urban h o s p i t a l s  are overcrowded, and r u r a l  phys ic ians  i n  ever 

g r e a t e r  numbers are s h i f t i n g  t h e i r  p r a c t i c e s  t o  modern suburban h o s p i t a l s  

and group c l i n i c s ,  l eav ing  r u r a l  medical care woeful ly  inadequate .  

Modern technology may poss ib ly  remove t h i s  l i m i t a t i o n  t o  improvement. 

E l e c t r o n i c  methods can be adapted t o  b r ing  up-to-date h e a l t h  and 

emergency medical service t o  l imited-access  areas (small towns and 

se t t l emen t s ,  and r u r a l  p l aces ) .  S i m i l a r  methods could be  u t i l i z e d  f o r  

urban ghe t toes  wi th  i n s u f f i c i e n t  h o s p i t a l  f a c i l i t i e s ,  and they  would a l s o  

have t h e  p o t e n t i a l  f o r  p r d i d i n g  medical service t o  d i s a s t e r  areas, and 

f o r  mobile s e r v i c i n g  of acc idents .  

Technical a s s i s t a n c e  p lus  more ex tens ive  use of a u x i l i a r y  medical 

personnel  seems t o  be  t h e  only way t o  counter  t h e  t r end  of phys ic ians  

t o  p r a c t i c e  i n  l a r g e r  h o s p i t a l s  and group c l i n i c s  where they  can take  

advantage of (among o t h e r  t h i n g s )  t h e  f a c i l i t i e s  and ins t rumenta t ion  
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t h a t  smaller p r a c t i c e s  cannot a f f o r d .  

f i e l d  w i l l  r e q u i r e  a combination of  h e a l t h  teams and modern communications 

f o r  te lephone t ransmiss ion ,  r a d i o  te lemet ry ,  and c losed -c i r cu i t  t e l e v i s i o n  

imagery between t h e  p a t i e n t ' s  bedside o r  remote o u t p a t i e n t  c l i n i c  and 

t h e  h o s p i t a l .  

To extend medical care i n t o  t h e  

To g ive  an  example of t he  g r e a t  magnitude of t h e  remote h e a l t h  

care problem, a r e c e n t  s tudy  by t h e  New Mexico Department of Health and 

Socia l  Serv ices ,  a s s i s t e d  by NASA personnel ,  has  discovered t h a t  t h e r e  

are only 68 doc to r s  i n  an enormous seven-county area of  southwestern 

New Mexico t o  serve an  est imated populat ion of 130,00O--with t h e  r e s u l t  

t h a t  most c h i l d r e n  receive no medical examinations dur ing  a l l  t h e i r  

school  years .  

enabl ing  t h e  ind iv idua l  phys ic ian  t o  see more p a t i e n t s  by c losed -c i r cu i t  

t e l e v i s i o n ,  monitor and diagnose t h e i r  condi t ion  by te lephone,  and 

recommend therapy a f t e r  communicating e l e c t r o n i c a l l y  wi th  a h e a l t h  

r eco rds  c e n t e r  f o r  t h e  area and wi th  co l leagues  i f  necessary.  

Modern communication technology may be adaptab le  t o  

Telemedicine," as t h e  concept has  become known, c o d d  a l s o  be used ? I  

t o  a i d  d i s a s t e r  and acc iden t  victims by e a r l y  t ransmiss ion  of p a t i e n t  

d a t a  t o  t h e  r ece iv ing  ward t o  a l low f o r  emergency p repa ra t ion  f o r  surgery  

o r  s p e c i a l  a i d .  In  a d d i t i o n ,  phys i ca l  r e l o c a t i o n  of a c u t e l y  ill p a t i e n t s  

f o r  t rea tment  could be minimized, and o u t p a t i e n t  recovery from r e c u r r e n t  

d i s e a s e  could be c l o s e l y  monitored i f  b e t t e r  te lemet ry  were a v a i l a b l e .  

The NASA experience i n  te lemet ry  and communications can  c o n t r i b u t e  

s u b s t a n t i a l l y  t o  the  development of remote h e a l t h  care. 

t r a c t o r s  have a l r eady  begun applying the  techniques developed f o r  t h e  

space program t o  t h e  medical f i e l d .  For example, Hamilton Standard,  a 

d i v i s i o n  of United A i r c r a f t ,  en te red  t h e  medical e l e c t r o n i c s  f i e l d  by 

way of t h e  space indus t ry .  

r e s e a r c h  c o n t r a c t  from NASA t o  develop and b u i l d  a te lemetry- type c a r d i a c  

monitor f o r  use by a s t r o n a u t s .  

Many NASA con- 

In  the  e a r l y  1960's ,  t h e  company won a 

Out of t h a t  r e sea rch  grew a v a r i e t y  of 
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products  f o r  commercial sale, inc luding  a $660 te lephone monitor ing 

system f o r  c a r d i a c  p a t i e n t s .  With t h i s  r e l a t i v e l y  inexpensive u n i t ,  a 

postcoronary p a t i e n t  can r e l a y  e lec t rocard iogram d a t a  from h i s  home t o  

a c e n t r a l  medical f a c i l i t y  by telephone. 

Telephone te lemet ry  of phys io logica l  information appears  t o  o f f e r  

cons iderable  oppor tuni ty  t o  improve remote h e a l t h  care because of (1) 

t h e  widespread a v a i l a b i l i t y  of t h e  te lephone,  ( 2 )  t h e  e x i s t e n c e  of 

proven methods of t r a n s m i t t i n g  d a t a  via  t h e  te lephone network, and (3 )  
a move by t h e  medical p ro fes s ion  toward g r e a t e r  q u a n t i f i c a t i o n  of 

phys io logica l  information.  

Although advancements i n  t h e  t ransmiss ion  of in format ion  i n  analog 

o r  d i g i t a l  form via te lephone have produced such equipment as data-phones 

and i n t e r f a c e  a m p l i f i e r s  and r eco rde r s ,  several p r a c t i c a l  needs remain 

t o  be s a t i s f i e d  before  medical te lemet ry  can become widespread. F i r s t  

i s  t h e  need f o r  sensor  equipment, operable  a t  a remote s t a t i o n  o r  i n  

t h e  p a t i e n t ' s  home, by a nonprofess iona l  f o r  t h e  purpose of bedside 

monitor ing and d i agnos i s  as w e l l  as by a t r a i n e d  t echn ic i an  o r  phys ic ian  

f o r  more s o p h i s t i c a t e d  and spec ia l i zed  usage. Second i s  the  need f o r  a 

more p r a c t i c a l  means of t r a n s m i t t i n g  m u l t i p l e  channels  of d a t a  simulta- 

neously t o  e l imina te  m u l t i p l e  data-phone arrangements. Mul t ip le  channels  

are p a r t i c u l a r l y  important i n  t h e  t ransmiss ion  of neu ro log ica l  and bio- 

e l e c t r i c  s i g n a l s  such as recorded by t h e  e lec t rocard iogram (ECG) and 

electroencephalogram (EEG), where sepa ra t e  s i g n a l s  i n t e r r e l a t e  and 

provide a s i g n i f i c a n t  d i agnos t i c  t o o l .  

These needs f o r  technologica l  advancement were d iscussed  by 

D r .  I. Levine of  t h e  Veterans Adminis t ra t ion Outpa t ien t  C l i n i c  of 

Boston, an  e a r l y  pioneer  and cont inuing  c o n t r i b u t o r  t o  t h e  development 

of te lephone te lemet ry  of b i o e l e c t r i c  s i g n a l s .  The neuro log ica l  r e sea rch  

s e c t i o n  of  t h e  Outpa t ien t  C l i n i c ,  as p a r t  of i t s  r e sea rch  program i n  

m u l t i p l e  s c l e r o s i s  and muscle r e l a x a n t  drugs ,  f r equen t ly  uses  te lephone 
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t e lemet ry  between Boston area h o s p i t a l s  and from t h e  p a t i e n t ' s  beds ide  

t o  t h e  c l i n i c  t o  minimize discomfort  t o  t h e  p a t i e n t  and a l s o  t o  ob ta in  

h i s  response t o  drug t rea tment ,  which i s  most r e l i a b l e  i n  h i s  customary 

environment. 20 

F. MONITORING PATIENTS UNDER INTENSIVE CARE 

The i n t e n s i v e  care concept ,  as evolved i n  t h e  l as t  t e n  y e a r s ,  

i nc ludes  concent ra ted ,  cont inuous observa t ion  of  t h e  c r i t i c a l l y  ill, 

thereby  inc reas ing  t h e i r  chance of su rv iva l .  Here monitor ing techniques 

e x h i b i t  t h e i r  maximum u t i l i t y  t o  medicine by provid ing  phys ic i ans  and 

nu r ses  wi th  minute-to-minute observa t ions  of an  acu te ly  ill p a t i e n t ' s  

cond i t ion  and a continuous record  of  h i s  progress .  

In t ens ive  care faci l i t ies  are o f t e n  spec ia l i zed  t o  perform one 

type  of i n t e n s i v e  care more e f f e c t i v e l y  than another .  

Southern C a l i f o r n i a  Shock Research Unit a t  the  Los Angeles County General 

Hospi ta l  w a s  c r ea t ed  f o r  t h e  i n t e n s i v e  care of p a t i e n t s  i n  shock r e s u l t -  

i n g  from a v a r i e t y  of ca t a s t rophes :  pneumonia, drug overdose,  i n t e r n a l  

b leeding ,  d i a b e t i c  coma, body burns ,  s t r o k e ,  h e a r t  a t t a c k ,  and o t h e r s .  

The i n t e n s i v e  care ward of t h e  P a c i f i c  Medical Center ,  Presbyter ian  
Hosp i t a l ,  &an Franc isco ,  on t h e  o t h e r  hand, has  been designed and used 

mainly f o r  pos tope ra t ive  cases from open-heart surgery.  

p r i n c i p l e s  involved i n  any i n t e n s i v e  care u n i t ,  however, are t h e  same: 

b e t t e r  monitor ing of t h e  p a t i e n t ' s  cond i t ion ,  b e t t e r  management of t h e  

d a t a  t o  a i d  phys ic ian  decision-making, and automation of measuring and 

c o n t r o l l i n g  dev ices  used f o r  l i f e  support .  

The Univers i ty  of 

The underlying 

The problem of managing an inc reas ing  number o f  phys io logica l  

measurements has  drawn t h e  d i g i t a l  computer i n t o  t h e  i n t e n s i v e  care 

ward, and wi th  i t  a l l  t h e  problems a s soc ia t ed  wi th  medical ly  appl ied  

computers: (1) development of d a t a  acquis i t ion-methods  (e.g. ,  analog- 

t o - d i g i t a l  dev ices  which inc lude  analog d a t a  f i l t e r i n g  techniques) ;  

(2)  in format iona l  i npu t  procedures  which are accep tab le  t o  phys ic ians  
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and which can record  such non-numerical observa t ions  of a p a t i e n t ' s  

condi t ion  as a l e r t n e s s ,  c o l o r ,  evidence of pa in ,  q u a l i t y  of pu l se ,  and 

responsiveness;  (3)  in format iona l  ou tput  format which condenses t h e  d a t a  

i n  a form t h a t  can provide t h e  phys ic ians  and nu r ses  wi th  a useful ,  

r e l i a b l e  decision-making a i d ;  and ( 4 )  modeling, both of t h e  p a t i e n t ' s  

phys io logica l  behavior and of t he  decision-making processes  of t h e  

doc to r s  and nu r ses ,  t o  guide i n  t h e  development of t he  computer sof tware 

f o r  p r e d i c t i v e  and d i agnos t i c  purposes.  

There i s  l i k e l y  t o  be slow bu t  s teady  progress  toward so lv ing  

t h e s e  computer r e l a t e d  problems, as many r e sea rche r s  cont inue  t o  advance 

the  s t a t e  of t he  computer a p p l i c a t i o n s  a r t .  Other s i g n i f i c a n t  engineer ing  

problems i n  t h e  i n t e n s i v e  c a r e  ward, however, have f o r  the  most p a r t  

been neglec ted  by r e sea rche r s .  

v a l i d a t i o n  of primary phys io logica l  s enso r s  which are p r a c t i c a l ,  r e l i a b l e ,  

automated, and provide information needed by t h e  doc tor  t o  make a 

dec is ion .  Some of t h e  q u a n t i t i e s  requi red  t o  be monitored f o r  compre- 

hensive p a t i e n t  care are shown i n  Table 5. 

One of t h e s e  i s  t h e  development and 

For l a c k  of s u i t a b l e  monitoring dev ices ,  many of t h e s e  measurements 

must now be performed manually, a t i m e  consuming and o f t e n  inaccura t e  

process .  Blood chemistry i n  p a r t i c u l a r  r e q u i r e s  manual sample t ak ing ,  

t r a n s p o r t i n g  t h e  sample t o  t h e  c l i n i c a l  l abo ra to ry  f o r  p r i o r i t y  a n a l y s i s  

and r e t u r n i n g  t h e  r e s u l t s ,  f r equen t ly  hours l a t e r ,  t o  t h e  i n t e n s i v e  care u n i t .  

Another problem area i s  the  development of  r e l i a b l e  support  equipment 

f o r  i n t e n s i v e  care. Some examples of servomechanisms needed f o r  l i f e  support  

of the  c r i t i c a l l y  ill are: 

0 Pacemakers which au tomat ica l ly  respond t o  d e f e c t s  

i n  h e a r t  rate 

0 Fluid  in fus ion  devices  which au tomat i ca l ly  r e p l a c e  l o s t  blood 

Resp i r a t ion  assist devices  which respond t o  the  PO 

of t he  blood 

and pC02 2 
e 
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T A B L E  5 
ASPECTS OF COMPREHENSIVE P A T I E N T  MONITORING 

Information monitored o r  recorded 

electroencephalogram (EEG) 

electrocardiogram (ECG) 

arterial  p res su re  

c e n t r a l  venous p re s su re  

r e s p i r a t i o n  air  flow 

transpulmonary p res su re  

C02 concen t r a t ion  

O2 concent ra t ion  

blood chemistry 

f l u i d  i n t a k e ,  ou tput  

temperature ,  rectal and s k i n  

Phys io logica l  parameter der ived  

b r a i n  wave rhythm 

h e a r t  ra te  

s y s t o l i c  p re s su re  
d i a s t o l i c  p re s su re  
mean ar ter ia l  p re s su re  
pu l se  rate 

mean venous p re s su re  
r e s p i r a t i o n  v a r i a t i o n s  i n  

venous p re s su re  

minute volume 
t i d a l  volume 
r e s p i r a t i o n  rate 

airway r e s i s t a n c e  
lung compliance 
work of b rea th ing  

end- t ida l  pC02 

end- t ida l  p02 

oxygen uptake 

p02 ( a r t e r i a l  and venous) 

PH 
2 

2 

PCO2 

0 percent  s a t u r a t i o n  

0 consumption 

sodium content  
potassium content  
c h l o r i d e  conten t  
hematocri t  
blood urea n i t r o g e n  (B.U.N.) 

p a t i e n t  h i s t o r y ;  h e i g h t ,  weight ,  
age,  medication and t rea tment  



The i n t e n s i v e  care ward of t h e  P a c i f i c  Medical Center ,  San 

Francisco , has  been descr ibed  i n  d e t a i l  i n  a r e c e n t  publ icat ion2 '  which 

d i s c u s s e s  t h e  computer system c e n t r a l  t o  t h e  i n t e n s i v e  care c a p a b i l i t i e s .  

Less w e l l  documented i s  t h e  need f o r  improved senso r s  which could be 

used i n  t h i s  i n t e n s i v e  care u n i t .  L imi t a t ions  could be l i f t e d  i f  more 

r e l i a b l e ,  p r a c t i c a l  s enso r s  and monitoring methods were designed and 

developed. Examples d iscussed  by D r .  R .  C .  Eberhart  of t h e  I n s t i t u t e  of 

Medical Sciences 

To monitor 

and C 0 2  con ten t ,  

response (5-msec 

are noted b r i e f l y  below. 

pulmonary gas  flow f o r  i t s  volume ra te ,  oxygen con ten t ,  

an improved method i s  needed f o r  accu ra t e  and r a p i d  

response t o  a s tep- func t ion  inpu t )  t o  t h e  t r a n s i e n t  

v a r i a t i o n s  i n  r e s p i r e d  gas. For t h e  comfort of t h e  c r i t i c a l l y  ill 

p a t i e n t ,  both t h e  flow-measurement and the  mass-constituency-measurement 

devices  should no t  r e q u i r e  o b s t r u c t i v e  masks, t ubes ,  o r  mouthpieces,  and 

of course ,  should n o t  i n t e r f e r e  wi th  o t h e r  a s p e c t s  of i n t e n s i v e  care. 

A c u r r e n t l y  a v a i l a b l e  automated, rapid-response mass spectrometer  when 

s u i t a b l y  mated wi th  a sampling device  may be s u i t a b l e  f o r  cons t i t uency  

de termina t ion .  

A noninvasive continuous a o r t i c  blood-flow measurement would be a 

cons iderable  a i d  t o  i n t e n s i v e  care, p a r t i c u l a r l y  f o r  pos tope ra t ive  

ca rd iac  p a t i e n t s .  

Temperature measurement of t he  body's pe r iphe ra l  reg ion  ( f i n g e r s  

and t o e s )  re la t ive t o  v i ta l -organ  temperature  appears  t o  o f f e r  promise 

of  a new means of monitor ing t h e  progress  of a p a t i e n t  recover ing  from 

major surgery .  The p e r i p h e r a l  r eg ions  appear t o  receive less blood f low 

fol lowing surgery  and hence e x h i b i t  lower temperatures  f o r  t h e  i n i t i a l  

recovery pe r iod ,  bu t  e x h i b i t  a sudden marked rise i n  temperature  i f  

recovery progresses  normally and s a t i s f a c t o r i l y .  Abnormal and unsat-  

i s f a c t o r y  recovery does no t  appear t o  produce t h i s  n o t i c e a b l e  rise i n  

temperature.  New methods of measuring body temperature  more convenient ly  
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and comprehensively w i l l  be  r equ i r ed  i f  t h e  r e l a t i o n  of p e r i p h e r a l  

temperature  t o  recovery i s  v e r i f i e d .  

temperature  over t h e  su r face  of t h e  body t o  tenth-of-a degree accuracy 

may be d e s i r a b l e .  

More p r a c t i c a l  means t o  measure 

I n t e r n a l  body temperature ,  a r o u t i n e  i n t e n s i v e  care observa t ion ,  

i s  usua l ly  monitored by a rectal temperature device.  It has  been sug- 

ges ted  t h a t  a more s i g n i f i c a n t  l o c a t i o n  f o r  measuring t h i s  temperature  

would be near  t h e  tympanic membrane, t h e  s i t e  n e a r e s t  t o  t h e  blood 

supply of t h e  b r a i n ,  bu t  a r e l i a b l e  thermis tor  ea r - in se r t  device  t o  

provide t h i s  temperature  i s  n o t  a v a i l a b l e .  

Development of a mobile l i fe -suppor t  and monitor ing bed w i t h  

senso r s  b u i l t  i n  o r  permanently a t t ached  would seem t o  be d e s i r a b l e .  

Such a bed could serve t o  monitor t h e  c r i t i c a l l y  ill a f t e r  a r r iva l  i n  

the  h o s p i t a l ,  and a l s o  dur ing  any necessary  t r a n s p o r t  w i th in  t h e  h o s p i t a l .  

I f  a te lemet ry  c a p a b i l i t y  were added, such a system could be pu t  t o  use  

f o r  f i r s t  a i d  and emergency care of acc ident  victims, and f o r  t rans-  

po r t ing  t h e  c r i t i c a l l y  ill from one medical f a c i l i t y  t o  another .  

The s o l u t i o n  t o  t h e s e  problems i s  wi th in  present-day engineer ing 

c a p a b i l i t y  and should receive immediate a t t e n t i o n .  

i n t e n s i v e  care, such as t h e  i d e n t i f i c a t i o n  of e a r l y  s i g n s  i n d i c a t i n g  

p a t i e n t  f a i l u r e  by p a t t e r n  r ecogn i t ion  of t h e  monitored v a r i a b l e s ,  are 

thought t o  be f a r t h e r  i n  t h e  f u t u r e .  It i s  l i k e l y  t h a t  such p a t t e r n  

r ecogn i t ion  w i l l  r e q u i r e  a d d i t i o n a l  measurements than those  of temperature ,  

pu l se ,  r e s p i r a t i o n ,  and blood, p re s su re  and w i l l  r e q u i r e  cons iderable  

s ta t i s t ica l  s tudy  be fo re  v a l i d a t i o n  w i l l  be  achieved. Thus, t h e  urgency 

l i e s  i n  developing ins t rumenta t ion  and b e t t e r  s enso r s  t o  answer today 's  

needs--those t h a t  now l i m i t  i n t e n s i v e  c a r e  c a p a b i l i t i e s  i n  i n t e n s i v e  

care wards throughout t h e  country.  

Other advances i n  
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G. MULTIPHASIC SCREENING 

The primary purpose of mul t iphas ic  sc reening  i s  t o  d iscover  

unsuspected d i s e a s e s  i n  people.  A t  s e v e r a l  c l i n i c a l  c e n t e r s  throughout 

t h e  country (e .g . ,  Permanente Medical Group, Oakland, C a l i f o r n i a )  mult i -  

phas ic  sc reening  i s  performed r o u t i n e l y  by sub jec t ing  l a r g e  numbers of 

persons t o  x r a y s ,  blood p res su re  readings ,  blood and u r ine  ana lyses ,  

he ight  and weight r eco rd ings ,  v i s u a l  a c u i t y  measurements, tonometry, 

e lec t rocard iography,  mammography, Papanicolaou c e r v i c a l  smear ana lyses ,  

sp i romet ry ,  audiometry, and so f o r t h ,  as p a r t  of a comprehensive h e a l t h  

c a r e  program. 

Test r eco rds  are en te red ,  as au tomat i ca l ly  as p o s s i b l e ,  i n t o  a 

pe r son ' s  computer memory record ,  a long with information (usua l ly  on 

punched c a r d s )  on h i s  medical h i s t o r y  and p resen t  phys i ca l  condi t ion .  

The computer then  compares t h e  test r e s u l t s  wi th  t h e  normal ranges f o r  
age and sex t o  determine i f  an abnormality e x i s t s .  I f  an  abnormal con- 

d i t i o n  i s  i d e n t i f i e d ,  t h e  person i s  r e f e r r e d  t o  a phys ic ian  f o r  a more 

thorough d iagnos i s  and t rea tment .  

Today t h e  g r e a t  advantage of sc reening  c e n t e r s  i s  i n  economy of 

performing l a r g e  numbers of 

same tests,  i f  performed i n  

automated screening  c e n t e r ,  

longer .  22 

p a t i e n t  tests i n  s h o r t  t i m e  per iods .  The 

t h e  t r a d i t i o n a l  manner r a t h e r  

would c o s t  fou r  t i m e s  as much 

than  by t h e  

and t a k e  much 

A f u t u r e  p o s s i b i l i t y  may be t h e  i n t e g r a t i o n  of t h e  screening  

cen te r  i n t o  a community, r e g i o n a l ,  and n a t i o n a l  disease-prevent ion 

program t o  e r a d i c a t e  such major h e a l t h  problems as vene rea l  d i sease .  

Disease prevent ion  r a t h e r  than  d i s e a s e  t rea tment  may become t h e  mode of 

h e a l t h  care i n  t h e  f u t u r e  when h e a l t h  c e n t e r s  w i l l  sc reen  a g r e a t e r  p a r t  

of t h e  populat ion.  

e a r l y  s t a g e s  of s p e c i f i c  d i s e a s e s  (e .g . ,  Papanicolaou smear f o r  cervical 

cance r ) ,  w i l l  a l l ow phys ic ians  t o  t reat  t h e  e a r l y  s t a g e s  r a t h e r  than  t h e  

l a t e  severe cond i t ions  where changes are a l r eady  i r r e v e r s i b l e .  

The development of tests designed t o  i d e n t i f y  t h e  
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The c o n t r i b u t i o n  t h a t  t h e  engineer ing  d i s c i p l i n e s  can make f o r  

d e t e c t i n g  d i s e a s e  i n  i t s  earliest  s t a g e s  i s  t h e  development of improved 

d i a g n o s t i c  ins t rumenta t ion  which can be automated and opera ted  wi th  a 

minimum of medical and t e c h n i c a l  superv is ion .  

For some d i s e a s e s ,  e a r l y  d e t e c t i o n  and prevent ion seem t h e  only  

l o g i c a l  way t o  achieve  b e t t e r  h e a l t h  care. In  p a r t i c u l a r ,  cerebro- 

vascu la r  d i s e a s e  ssems t o  r e q u i r e  t h e  prevent ive  approach because t h e r e  

i s  l i t t l e  hope of r eve r s ing  e s t ab l i shed  b r a i n  damage. 

sa lvage  i s  p a r t i c u l a r l y  important  i n  the  case of s t r o k e ,  which has a 

h igh  inc idence  of permanent d i s a b i l i t y  f o r  surv ivors .  The f a t a l i t y  rate 

i s  only  15% bu t ,  of t h e  su rv ivo r s ,  50% suffer  some permanent d i s a b i l i t y ,  

o f t e n  l eav ing  them unemployable. The est imated annual cos t  of care f o r  

s t r o k e  d i s a b i l i t y ,  excluding t h e  c o s t  of care i n  t h e  h o s p i t a l  dur ing  t h e  

a c u t e  s t a g e ,  i s  $ 3  b i l l i o n .  

The p o t e n t i a l  f o r  

23 

RAND Corporat ion,  Santa Monica, and t h e  Cedars-Sinai Medical 

Centers ,  Los Angeles, have set t h e  goal  of  improved s t r o k e  d e t e c t i o n  and 

prevent ion by developing screening  u n i t s  f o r  t h e  e a r l y  d e t e c t i o n  of t h e  

p o t e n t i a l  s t r o k e  v i c t im ,  thereby al lowing prevent ive  medical o r  s u r g i c a l  

therapy t o  be appl ied .  2 4  

c o l l a b o r a t i v e  e f f o r t s  of t h e  bioengineer ,  computer s p e c i a l i s t ,  b i o s t a t i s -  

t i c i an ,  systems s p e c i a l i s t ,  d i agnos t i c i an ,  ophthalmologis t ,  i n t e r n i s t ,  

n e r u o l o g i s t ,  neurosurgeon, and neuro rad io log i s t .  

This  i n t e r d i s c i p l i n a r y  p r o j e c t  r e q u i r e s  t h e  

C l i n i c a l  r e sea rch  i n d i c a t e s  t h a t  most s t r o k e s  are due t o  occ lus ive  

l e s i o n s  i n  the  vessels supplying blood t o  t h e  b ra in .  I f  t h e  d i s e a s e  i s  

de tec t ed  i n  t h e  s t e n o t i c  o r  narrowing s t a g e ,  before  complete occ lus ion  

occurs ,  then  t reatment  and prevent ion  of s t r o k e  are poss ib l e .  Several  

well-known d i a g n o s t i c  techniques  f o r  determining anomalies of blood f low 

t o  t h e  head are being included i n  t h e  p i l o t  Potential-Stroke-Screening 

Unit (PSU): 
(funduscopy, mediate a u s c u l t a t i o n ,  ophthalmodynomometry, tonometry),  

determinat ion of blood flow and p res su re  i n  t h e  eye 
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comparison wi th  blood p res su re  i n  t h e  arm (b rach ia l  sphygmomanometry), 

and thermal mapping of t h e  forehead (thermography). These p r a c t i c e s  

are be ing  i n t e g r a t e d  i n t o  a semiautomated screening  environment, w i th  

d a t a  reduct ion  and a n a l y s i s  by computer. Of p a r t i c u l a r  importance t o  

t h e  d i agnos i s  i n  a d d i t i o n  t o  t h e  above measurements w i l l  be  a s tudy of 

t he  p a t i e n t  h i s t o r y .  

Technical  support  t o  t h e  RAND s tudy i s  requ i r ed  i n  t h e  design of 

p r a c t i c a l  (noninvasive) c l i n i c a l  ins t ruments ,  a n a l y s i s  of t h e  i n t e r -  

a c t i o n s  of p u l s a t i l e  ocu la r  blood flow wi th  ocu la r  s t r u c t u r a l  charac te r -  

i s t i c s ,  r e sea rch  i n  methods f o r  c l i n i c a l  d a t a  a n a l y s i s  and process ing ,  

as w e l l  as t h e  improvement of d i agnos t i c  procedures and the  e s t a b l i s h -  

ment of a pro to type  c l i n i c .  

H. PROSTHETICS, SENSORY A I D S ,  ANT) REHABILITATION 

No r e l i a b l e  s ta t i s t ics  e x i s t  on t h e  number of persons who would 

b e n e f i t  from b e t t e r  p r o s t h e t i c s ,  sensory a i d s ,  and r e h a b i l i t a t i o n .  Some 

i n d i c a t i o n  of t h e  need is  p o s s i b l e  from t h e  es t imated  i n c r e a s e  of 30,000 

amputees and 50,000 b l ind  people i n  t h e  U.S. each yea r ,  adding t o  t h e  

e x i s t i n g  s e v e r a l  m i l l i o n  who are c u r r e n t l y  i n  need of a i d .  

For decades engineers  and phys ic ians  i n  t h e s e  areas of medicine 

have worked i n  c l o s e  a s s o c i a t i o n  t o  provide a r t i f i c i a l  l imbs f o r  amputees, 

sensory a i d s  f o r  t h e  near  b l i n d  and d e a f ,  and r e h a b i l i t a t i o n  devices  f o r  

t h e  phys ica l ly  handicapped. However, p rogress  has  been l i m i t e d ;  p r i v a t e  

e n t e r p r i s e  has  been r e l u c t a n t  t o  e n t e r  t h e  f i e l d  because the  market i s  

small, r e sea rch  and development c o s t s  are h igh ,  and r i s k s  are g r e a t .  

The support  a v a i l a b l e  i n  t h e  p a s t  has  come mainly from t h e  Vocat ional  

R e h a b i l i t a t i o n  Adminis t ra t ion,  t h e  Veterans Adminis t ra t ion,  t h e  Chi ldren ' s  

Bureau, and a few p r i v a t e  foundat ions and insurance  companies. The t o t a l  

nationwide support  f o r  p r o s t h e t i c  device  development has  been less than  

$4 m i l l i o n  p e r  year .  
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The hope e x i s t s  t h a t  much of t h e  r e sea rch  and development needed 

t o  support  a s t rong  p r o s t h e t i c s  and sensory a i d s  program can be drawn 

from o t h e r  n a t i o n a l  e f f o r t s ,  such as t h a t  conducted by NASA. Although 

t h e  p a s t  has seen l i t t l e  spin-off i n  t h e  way of u s e f u l  hardware, t h e  

p o t e n t i a l  f o r  technology t r a n s f e r  remains high i f  proper  gu ide l ines  are 

followed, gu ide l ines  which c a l l  f o r  simple devices  which are economical, 

r e l i a b l e ,  and have a high degree of user  acceptance.  

t h e  success fu l  a p p l i c a t i o n  of t h e s e  gu ide l ines  fol low.  

Two examples of 

1. Closed-Circuit  Te lev is ion  Systems f o r  t h e  Vi sua l ly  Handicapped 

Of those  persons c l a s s i f i e d  as l e g a l l y  b l i n d  i n  t h e  U.S. ( those  

whose v i s i o n  i s  less than  20/200),  60% have some degree of u se fu l  v i s i o n  

which can be aided by o p t i c a l  systems. 

i f  a s s i s t e d  by well-designed c losed-c i rcu i t  t e l e v i s i o n  systems, could 

view an  i l l u s t r a t e d  l e c t u r e ;  read p l ans ,  books, and papers;  s tudy d ia -  

grams; make no te s ;  type  and see what they are typing;  w r i t e  r e p o r t s ;  and 

s o r t ,  manipulate ,  and assemble s m a l l  p a r t s .  

These v i s u a l l y  handicapped persons ,  

A proto type  c losed -c i r cu i t  t e l e v i s i o n  system, designed and f a b r i -  

ca ted  by RAND Corporation r e sea rche r s ,  25’26 i s  now being used d a i l y  by 

several v i s u a l l y  handicapped persons t o  f a c i l i t a t e  reading  and wr i t i ng .  

The system p r imar i ly  c o n s i s t s  of (1) a t e l e v i s i o n  monitor which permits  

c l o s e  observa t ion  by the  handicapped person,  (2)  a t e l e v i s i o n  camera 

t h a t  i s  pos i t ioned  by means of an e l e c t r i c a l l y  operated servomechanism, 

and (3) a working su r face  t o  support  reading  and w r i t i n g  material. 

The success  which t h i s  pro to type  has  achieved can be expanded t o  

o t h e r  uses  i f  t h e  equipment i s  made p o r t a b l e ,  min ia tu r i zed ,  and reduced 

i n  c o s t .  These changes are now wi th in  t h e  s ta te-of- the a r t ,  p a r t l y  

through NASA r e sea rch  and development e f f o r t s .  
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2. Myotron f o r  Neuromuscular R e h a b i l i t a t i o n  

The M y ~ t r o n ~ ~  i s  a new type  of instrument  f o r  t h e  dynamic measure- 

ment of s k e l e t a l  muscle f o r c e s  and f o r  neuromuscular r e h a b i l i t a t i o n .  It 

is an i l l u s t r a t i o n  of technology t r a n s f e r  from a nonmedical r e sea rch  

e f f o r t  t o  phys i ca l  medicine and r e h a b i l i t a t i o n  through i n t e r d i s c i p l i n a r y  

cooperat ion.  

Bas i ca l ly ,  t h e  Myotron i s  an e x t e r n a l  mechanized s t r u c t u r e ,  o r  

exoskeleton,  worn around t h e  human arm. It u t i l i z e s  servomechanisms 

con t ro l l ed  by arm-force and p o s i t i o n  t r ansduce r s  t o  monitor and i n t e r a c t  

with the  motion of t he  arm. The device  w a s  developed by Cornel1 

Aeronaut ica l  Laboratory (CAL) and t h e  Veterans Adminis t ra t ion Hospi ta l  

i n  Buffalo,  N.  Y. It i s  a spin-off of an  earlier CAL r e sea rch  e f f o r t  

t h a t  w a s  d i r e c t e d  toward t h e  problem of amplifying man's n a t u r a l  s t r e n g t h  

by an  e x t e r n a l  mechanized s t r u c t u r e ,  i n  o rde r  t o  permit  a person wi th  

average s t r e n g t h  t o  perform heavy work wi th  ease. 

The r ecogn i t ion  of t h e  p o t e n t i a l l y  use fu l  a p p l i c a t i o n  of  a low- 

power ve r s ion  of CAL's  man-amplifier t o  medical r e sea rch  and r e h a b i l i t a -  

t i o n ,  followed by c l o s e  cooperat ion between C A L ' s  engineers  and s c i e n t i s t s  

and t h e  V A ' s  r e sea rch  s t a f f ,  has y ie lded  t h i s  new re sea rch  t o o l  and 

the rapeu t i c  device.  
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111. CONCLUDING REMARKS 

Technology can c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  s o l u t i o n  of major 

medical problems h inder ing  t h e  advancement of h e a l t h  c a r e  today. 

ach ieve  success ,  however, t h e r e  must be a c l o s e  i n t e r p l a y  of i d e a s  among 

d i v e r s e  d i s c i p l i n e s  of science, engineer ing ,  and medicine,  f o s t e r e d  by 

cont inuing  personal  con tac t  and p ro fes s iona l  understanding. 

To 

I n  methodology, t h e  t e c h n i c a l  d i s c i p l i n e s  o f f e r  t o  medicine and 

b i o l o g i c a l  r e sea rch  t h e  powerful t o o l s  of  mathematics,  systems a n a l y s i s ,  

and the phys ica l  laws. 

understanding of t h e  fundamental behavior of b i o l o g i c a l  systems. This  

understanding may a l low t h e  p r e d i c t i o n  of b i o l o g i c a l  response t o  a v a r i e t y  

of imposed cond i t ions ,  measurements, and t r ea tmen t s ,  thereby  making 

poss ib l e  the  development of  new t h e r a p i e s  and new d iagnos t i c  devices .  

Appl ica t ion  of t h e s e  t o o l s  can promote a b e t t e r  

I n  ins t rumenta t ion ,  technology can answer t h e  g r e a t  need f o r  

r e l i a b l e ,  economical, and p r a c t i c a l  medical devices .  Noninvasive monitor- 

i ng ,  automated l i f e - suppor t ,  and remote te lemet ry  are important  i n s t r u -  

mentation areas deserv ing  s tudy.  I n  a d d i t i o n ,  t h e  medical community has  

need f o r  s p e c i f i c  devices  (e.g. ,  t o  l o c a t e  g a s t r o i n t e s t i n a l  b leeding)  

which should be sought from modern technology. 

For both methodology and in s t rumen ta t ion ,  t h e  areas of mass screen- 

ing ,  h o s p i t a l  information process ing ,  and c l i n i c a l  automation p resen t  a 

c l e a r  cha l lenge  t o  technology. Mass screening  o f f e r s  t h e  oppor tuni ty  t o  

p l ay  a p a r t  i n  t h e  profound change t o  modern medicine,  a change from t h e  

t rea tment  of a c u t e ,  o f t e n  i r r e v e r s i b l e  symptoms found i n  l a t e  s t a g e s  of 

d i s e a s e  t o  t h e  earlier d e t e c t i o n  and prevent ion of d i sease .  Here t h e  

systems approach" can determine t h e  optimum method f o r  sc reening  many 

people and may i d e n t i f y  hidden i n t e r r e l a t i o n s h i p s  among test r e s u l t s  t o  

d e t e c t  t h e  earliest s t a g e  of d i s e a s e .  E f f i c i e n t  h o s p i t a l  information 

process ing ,  coupled with ex tens ive  c l i n i c a l  automation, can he lp  reduce 

today ' s  excess ive  h o s p i t a l  c o s t s .  

11 

37 



Technologis ts  should fo l low c e r t a i n  gu ide l ines  i f  they are t o  make 

an impact on today ' s  medical problems. 

r e l a t i o n s h i p  with t h e  medical community is  e s s e n t i a l .  Second, t h e  

es tab l i shment  of p r i o r i t i e s  i s  important .  These p r i o r i t i e s  should con- 

centrate e f f o r t  i n  areas where t h e  p o t e n t i a l  f o r  t echno log ica l  c o n t r i -  
bu t ion  i s  high and the  impact on h e a l t h  care g r e a t .  

of c o s t / b e n e f i t  must be made t o  i n s u r e  t h a t  c o s t s  do no t  outweigh 

b e n e f i t s  t o  be der ived .  

stopped. 

F i r s t ,  an e s t a b l i s h e d  working 

Thi rd ,  some estimate 

The upward c o s t  s p i r a l  of medical care must be 

There i s  a genes i s  of concern today t h a t  t h e  r i s i n g  c o s t  of med- 

i c i n e ,  crowding i n  urban c l i n i c s ,  and t h e  l a c k  of r u r a l  medical f a c i l -  

i t i e s  are causing t h i s  coun t ry ' s  h e a l t h  care t o  d e t e r i o r a t e .  

S t a t e s ,  r i c h e s t  and most t e c h n i c a l l y  advanced country i n  t h e  world,  now 

l a g s  behind 1 3  o t h e r  c o u n t r i e s  i n  i n f a n t  s u r v i v a b i l i t y  and behind 17  

o t h e r s  i n  l i f e  expectancy a t  b i r t h .  

The United 

What is  needed most from technology i s  n o t  more e l a b o r a t e  e l e c t r o n i c  

gadgetry f o r  t h e  medical r e sea rche r  and c l i n i c i a n ,  no t  more t r a n s i s t o r i z e d  

ve r s ions  of equipment common t o  c l i n i c s  f o r  decades; i t  i s ,  i n s t e a d ,  a 

fundamental understanding of t h e  problems h inder ing  t h e  a v a i l a b i l i t y  and 

q u a l i t y  of h e a l t h  care today,  and t h e  a p p l i c a t i o n  of s c i e n t i f i c  methods 

and ins t ruments  t o  t h e s e  problems i n  o rde r  t o  br ing  a t  more reasonable  

c o s t  t h e  b e n e f i t s  of today ' s  medicine t o  a l l  t h e  people ,  i nc lud ing  those  

who are now out  of i t s  reach.  
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APPENDIX I 

RESEARCH PERSONNEL VISITED 

The numbers wi th in  t h e  parentheses  fol lowing t h e  names of research-  

ers i n d i c a t e s  a c t i v i t y  having p o t e n t i a l  impact on t h e  fol lowing areas: 

1. 

2 .  Automation of c l i n i c a l  l a b o r a t o r i e s  

3.  C l i n i c a l  ins t rumenta t ion  

4 ,  Hosp i t a l  in format ion  systems 

5.’ Medical telecommunication 

6. 

7. Mul t iphas ic  sc reen ing  

8. P r o s t h e t i c s ,  sensory a i d s ,  and r e h a b i l i t a t i o n  

A r t i f i c i a l  organs and a s s i s t i v e  devices  

Monitoring p a t i e n t s  under i n t e n s i v e  care 

A. H. Gott (2 ,3)  
R. F, Janz (2 ,3)  
Aerospace Corporat ion 
San Bernardino, C a l i f o r n i a  

A. Lur i e  (2)  
Biochemistry Laboratory 
Boston C i ty  Hosp i t a l  
Boston, Massachusetts 

S. Berger (3)  
G. Trezek (3)  
Department of Mechanical Engineering 
Univers i ty  of C a l i f o r n i a  
Berkeley,  C a l i f o r n i a  

D. D. Colosimo (2)  
J. W. Ford (3)  
W. S. Holmes 
R .  E. K e l l  (6,7,8) 
E. A. Kidd 
J. L. Muerle ( 4 )  
R. J.  Vidal (3) 
Cornel1 Aeronaut ica l  Laboratory,  Inc.  
Buffa lo ,  New York 

B. Lipps (1) 
Dow Chemical Research Laboratory 
Walnut Creek, C a l i f o r n i a  
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J.  Stem ( 2 , 7 )  
J. Welsh ( 2 , 7 )  
Flow Labora tor ies ,  Inc .  
Rockvi l le ,  Maryland 

R. Lees ( 2 , 3 )  
C l i n i c a l  Research Center 
Massachusetts I n s t i t u t e  of Technology 
Cambridge, Massachusetts 

I. T. Young ( 2 )  
Department of Electrical  Engineering 
Massachusetts I n s t i t u t e  of Technology 
Cambridge, Massachusetts 

C .  F. Dewey, Jr. ( 3 )  
Department of Mechanical Engineering 
Massachusetts I n s t i t u t e  of Technology 
Cambridge, Massachusetts 

J. D. Fleming, Jr. ( 2 , 4 , 5 )  
R. F. S t enge l  ( 2 , 4 , 5 )  
Charles  S t a r k  Draper Laboratory 
Massachusetts I n s t i t u t e  of Technology 
Cambridge, Massachusetts 

A. Leroy ( 2 )  
Biomedical Engineering Divis ion 
Nat iona l  I n s t i t u t e s  of  Health 
Bethesda, Maryland 

R. C. Eberhard (1,6) 
I n s t i t u t e  of Medical Sciences 
P a c i f i c  Medical Center 
San Franc isco ,  C a l i f o r n i a  

W. K. McEwen ( 3 )  
Francis  I. P roc to r  Foundation f o r  

Research i n  Opthalmology 
and 
Department of Opthalmology 
Univers i ty  of C a l i f o r n i a  
San Francisco Medical Center 
San Francisco,  C a l i f o r n i a  

C. Gazley, Jr. ( 3 , 4 , 7 )  
S. M. Genensky (8) 
J. J .  Sheppard, Jr. ( 3 , 4 , 7 )  
The RAND Corporation 
Santa  Monica, C a l i f o r n i a  
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J. Goerke 
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APPENDIX I1 

THE NASA TECHNOLOGY UTILIZATION PROGRAM 

The Nat ional  Aeronautics and Space Adminis t ra t ion i s  t h e  f i r s t  

major s c i ence  procurement agency t o  e s t a b l i s h  an  agency wide program t o  

promote the  t r a n s f e r  and a p p l i c a t i o n  of i t s  technology t o  problems 

beyond aerospace,  f o r  t h e  b e n e f i t  of t h e  American pub l i c .  This  program 

w a s  e s t a b l i s h e d  by NASA fol lowing t h e  Space A c t  of 1958 when i t  was 

recognized t h a t  t he  broad and c a r e f u l l y  developed technologica l  base 

NASA had c rea t ed  f o r  t h e  space program might c o n t r i b u t e  t o  t h e  so lu t ion  

of o t h e r  problems f a c i n g  t h e  na t ion .  The i n t e n t  of t h i s  program i s  t o  

reap t h e  maximum r e t u r n  of investment i n  NASA programs by promoting 

secondary use  of space sc ience  and technology; o r ,  i n  t h e  words o f  Melvin 
28 S. Day, Acting A s s i s t a n t  Adminis t ra tor  f o r  Technology U t i l i z a t i o n  (TU), 

. . . t o  make a v a i l a b l e  t o  t h e  American p u b l i c ,  
inc luding  i n d u s t r y ,  small bus iness ,  educa t ion ,  
medicine,  and those  concerned with environmental  
q u a l i t y ,  t h e  new technology developed [by the  
elements of NASA] a c r o s s  many s c i e n t i f i c  and 
t e c h n i c a l  d i s c i p l i n a r y  areas. 

A s  one p a r t  of t h i s  program, NASA has  sponsored a p r o j e c t  which has  

a t  i t s  c o r e  m u l t i d i s c i p l i n a r y  teams of s c i e n t i s t s  and engineers  a t  t h r e e  

not - for -prof i t  r e sea rch  i n s t i t u t e s .  The teams, c a l l e d  Biomedical 

Appl ica t ion  Teams (Table 6),  seek t o  provide an i n t e r f a c e  between t h e  

d i v e r s e  f i e l d s  of aerospace engineer ing and medicine,  thereby inc reas ing  

t h e  flow of in format ion ,  i d e a s ,  and technology between them. 
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TABLE 6 
NASA BIOMEDICAL APPLICATION TEAMS 

Midwest Research I n s t i t u t e  
425 Volker Boulevard Pos t  Of f i ce  Box 12194 
Kansas C i ty ,  Missouri  64110 Durham, North Carol ina 27709 

Research Tr i ang le  I n s t i t u t e  

Southwest Research I n s t i t u t e  
8500 Culebra Road 
San Antonio, Texas 78206 

The e f f e c t i v e n e s s  of t h e  Biomedical Appl ica t ion  Teams'  e f f o r t s  

depends cons iderably  on t h e i r  a b i l i t y  t o  br idge  the  gap i n  methodology 

and terminology between engineer ing and medicine.  The manner i n  which 

t h i s  i s  done was descr ibed  r e c e n t l y  by one of t h e  team's members, and i s  

c i t e d  below. 29 

. . . Technology u t i l i z a t i o n  i s  t h e  t e r m  app l i ed  
t o  t h e  t a s k  of f i n d i n g  second a p p l i c a t i o n s  f o r  
technology. Many of t h e  methods f o r  implementing 
t h e  concept of technology u t i l i z a t i o n  are l a r g e l y  
pas s ive  i n  n a t u r e ;  pas s ive  i n  t h i s  case means t h e  
information i s  provided t o  those  who seek i t  and 
t h u s ,  t h e  phys ic ian  must understand t h e  information 
system i n  o rde r  t o  use  i t .  One of t h e  unique 
f e a t u r e s  of t h e  Biomedical Applicat ion Team program 
i s  t h a t  t h e  method i s  active. Active, i n  t h i s  
sense ,  means t h a t  t he  problems and s o l u t i o n s  are 
a c t i v e l y  sought.  

This s ea rch  f o r  problems is c a r r i e d  out  by 
t h e  members of t h e  m u l t i d i s c i p l i n a r y  team. Team 
members v i s i t  major medical c e n t e r s  ( the  Nat iona l  
I n s t i t u t e s  of Heal th  and medical schools )  where 
s u i t a b l e  medical problems are i d e n t i f i e d  with the  
a i d  of a consu l t an t .  The c o n s u l t a n t ,  a medical 
c e n t e r  s t a f f  member, he lps  t o  i n s u r e  t h a t  t h e  
problems s e l e c t e d  meet c e r t a i n  minimum requirements .  
In  genera l  our  team accep t s  on ly  those  problems 
which (1) have no s o l u t i o n s  a v a i l a b l e  on t h e  

43 



commercial market,  ( 2 )  are d i s c r e t e  and can be 
def ined  i n  s p e c i f i c  terms, ( 3 )  impede the  progress  
of p r i o r i t y  e f f o r t s  of t h e  phys ic ian ,  and ( 4 )  
appear amenable t o  s o l u t i o n  by aerospace r e l a t e d  
technology. W e  impose these  requirements because 
t h i s  program i s  designed f o r  problem so lv ing ,  no t  
j u s t  information searching.  

I f  a problem meets t h e s e  requirements ,  it i s  
def ined  by t h e  phys ic ian  and team member dur ing  one 
o r  more meetings.  Personal  i n t e r a c t i o n  has  been 
found t o  p l ay  a v i t a l  r o l e  i n  many a s p e c t s  of t h e  
program, and problem d e f i n i t i o n  i s  no except ion.  
During problem d e f i n i t i o n ,  t h e  t e a m  member determines 
t h e  phys ica l  s c i ence  o r  engineer ing requirement 
which i s  impeding t h e  medical r e sea rch  . . . 

Afte r  a problem i s  de f ined ,  a s o l u t i o n  i s  
sought using s e v e r a l  approaches.  F i r s t ,  a computer 
search  of t h e  NASA document bank i s  performed which 
covers  the  documents i d e n t i f i e d  i n  S c i e n t i f i c  and 
Technical Aerospace Abs t r ac t s  (STAR) and I n t e r n a t i o n a l  
Aerospace Abs t r ac t s  (IAA). The b ib l iography and 
r e l a t e d  documents are analyzed by t h e  phys ic ian  and 
t h e  team member t o  determine whether an adequate 
s o l u t i o n  i s  a v a i l a b l e .  

A second approach used i n  f i n d i n g  s o l u t i o n s  i s  
t o  r eques t  sugges t ions  from NASA personnel  by 
c i r c u l a t i n g  concise  w r i t t e n  problem s ta tements  t o  
t h e  NASA f i e l d  c e n t e r s .  These documents are 
c i r c u l a t e d  by t h e  Technology U t i l i z a t i o n  O f f i c e r s  (TUO) 
who are loca ted  a t  each c e n t e r  and who have a d e t a i l e d  
knowledge of t h e  r e sea rch  ac t iv i t i e s  a t  t h e i r  c e n t e r s .  
The TU0 provides  a v i t a l  l i n k  between t h e  teams and 
key NASA personnel .  

A t h i r d  approach is  t o  con tac t  f i e l d  c e n t e r  personnel  
o r  NASA c o n t r a c t o r  personnel  d i r e c t l y  when t h e  teams 
are aware t h a t  t h e s e  personnel  have knowledge about 
p a r t i c u l a r  problems. These c o n t a c t s ,  coordinated 
with each TUO, a l low t h e  teams t o  r a p i d l y  o b t a i n  
advanced technologica l  information.  

Af te r  an  idea  o r  i nd iv idua l  has  been i d e n t i f i e d  
by these  searching  procedures ,  both d i r e c t  and 
i n d i r e c t  c o n t a c t s  between phys ic ians  and NASA 
personnel  are arranged.  In  t h e  former case, phys ic ians  
have v i s i t e d  NASA c e n t e r s  f o r  d i scuss ions ;  i n  t h e  l a t te r  
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case, t h e  team members have provided t h e  con tac t  
by v i s i t s  and correspondence. Always t h e  i d e a  i s  t o  
provide t h e  phys ic ian  wi th  f r e s h  i n s i g h t  i n t o  h i s  
problem from a d i s c i p l i n e  he does n o t  normally 
encounter .  

The team then acts as a c a t a l y s t  t o  provide 
implementation of t h e  ideas .  
r e s p o n s i b i l i t y  f o r  implementation of t h e  technology 
l i e s  wi th  t h e  phys ic ian ,  t h e  team assists i n  
engineer ing  c o n s u l t a t i o n  and i n  recommendations 
f o r  ways of applying t h e  technology. In  a d d i t i o n ,  
i n  a f e w  in s t ances  NASA has  implemented t h e  
technology d i r e c t l y  when i t  i s  clear t h a t  no o t h e r  
avenues are open t o  t h e  phys ic ian  and when t h e  
necessary  e x p e r t i s e  i s  a v a i l a b l e  only  w i t h i n  NASA. 
A t  a l l  times, t h e  team f e e l s  t h a t  success  comes 
only  when u t i l i z a t i o n  has  occurred . . . 

Although t h e  primary 

A v a r i e t y  of a p p l i c a t i o n s  of aerospace technology t o  medical 

r e sea rch  and c l i n i c a l  needs has  occurred.  

aerospace ins t rumenta t ion :  (1) a ca rd iac  c a t h e t e r  wi th  a min ia tu re  

p re s su re  t ransducer  ( o r i g i n a l l y  designed f o r  wind-tunnel s t u d i e s ) ,  (2) 

a muscle accelerometer  (from a micrometeori te  d e t e c t o r )  f o r  measuring 

neuromuscular d i s o r d e r s ,  and (3)  a brea th ing  monitor (based on auto- 

matic a i r  s u r v e i l l a n c e  system) f o r  c r i t i c a l l y  ill p a t i e n t s .  Others ,  

such as image processing techniques l i k e  those  used t o  enhance t e l e v i s i o n  

p i c t u r e s  rece ived  from spacec ra f t  are being used t o  b r ing  out  d e t a i l s  of 

an  x r a y  p i c t u r e  t o  a i d  t h e  doc tor  making a d i agnos i s ,  showing t h a t  t h e  

more s o p h i s t i c a t e d  and complex aerospace techniques may a l s o  c o n t r i b u t e  

t o  t h e  advancement of medicine. 

Some are adap ta t ion  of 
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